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Fore>vord 



THE Cyclopedia of Drawing has been prepared with the 
special object of giving the beginner and the self-taught 
practical man, a working knowledge of the principles which 
underlie all branches of drawing so he may know how^ to read 
and make drawings intelligently. 

^ The importance of drawing in the general plan of education is 
receiving wider and wider recognition. Few are the public schools 
which do not now teach it even in the primary departments. It is 
the universal language in w'hich the peoples of all lands may com- 
municate with each other, — and it is essentially the language of 
the architect and the engineer. Through it he communicates his 
noble designs, or his wonderful inventions, to his workmen for 
execution. As a cultural study drawing is of great value to every 
person who would lay any claim to a liberal education, teach- 
ing symmetry, beauty and exactness, and training the eye not 
only to see but to observe. 

C A broad knowledge of drawing is therefore of vital importance 
to the draftsman, mechanic or young engineering student who is 
ambitious to advance in his chosen field. Unfortunately class room 
or even correspondence instruction is in many cases out of question, 
and thus many promising yoimg men are left entirely w^ithout the 
means of gratifying their ambition. 



C It is primarily for this class that the Cyclopedia of Drawing 
was published. It is based on the methods which the American 
School of Correspondence has developed and employed so success- 
fully for many years in teaching drawing. It is compiled from 
the most valuable instruction papers of the School, selected, 
arranged and especially prepared for home study by a staff 
of experts and practical men, each an acknowledged authority 
in his specialty. 

C The Cyclopedia has the unique advantage of having been 
revised and critically tested by actual use before being published, 
the individual instruction papers from which it is compiled 
having been studied and criticised by thousands of students 
in all parts of the world before being used in this work. In 
this way every obscure point, every small error so usual in 
technical books, has been discovered and corrected and many 
valuable practical suggestions incorporated. 

C Parts I and II are devoted to the artistic or architectural side 
of drawing, Part III to drawing for engineers and mechanics, and 
Part IV, to drawing for sheet metal workers. 

C The work as a whole is intended to form an authoritative, 
ready reference work on the broad general subject of drawing, 
and as such should prove a valuable acquisition to the general 
as well as the technical library. 

<L Each section has been prepared by an authority on that 
particular subject, — practicing architects, practical engineers, and 
teachers in the foremost engineering schools. 

C Every section is profusely illustrated by drawings, sketches 
and valuable tables prepared especially for this work, and at the 



end of each section tliere ia an examination to test the reader's 
knowledge, thus combining the advantages of a text book with 
a reference book. 

^ The instruction papers comprising the various sections are pre- 
sented in exactly the same form as they are used in actual instnic- 
tion as the purpose of the work is to bring to men who cannot take 
a correspondence course some of the benefits of the American School 
of Correspondence instruction, and through them to acquaint the 
public with the method and high standing of its instruction. 

f[ In conclusion gratirful acknowledgment is due to the staff of 
authors and collaborators. AVithout the hearty co-operation of 
these men of wide ex|)erience and acknowledged ability, this 
work would have been impossible. 
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TINSMITH ING, 



An important part of the technical education of those con- 
nected with tinsmiths' work is a knowledge of laying out patterns. 
When making the various forms of tinware, or, as they are com- 
monly called, housefurnishing goods, the greatest care must be 
taken in developing the patterns, for if a mistake of but one point 
is made, the pattern will be useless. There are general geometri- 
cal princi])les which are applied to this work which, when thor- 
oughly understood, make that part plain and simple, which would 
otherwise appear intricate. These principles enable the student 
to lay out different patterns for various pieces of tinware where 
the methods of construction are similar. 





Fig. 1. 



Fig. 2. 



Construction. Before laying out the pattern for any piece of 
tinware, the method of construction should be known. Knowing 
this, the first thought should be: Can the pattern be developed and 
cut from one piece of metal to advantage, as shown in Fig. 1, or 
will it cut to waste, as shown in Fig. 2 ? Will the articles have 
soldered, grooved or riveted seams, as shown respectively by A, B 
and C, in Fig. 3 ? Also, will the edges bo wired or have hem edges 
at the top, as shown respectively by A and B, in Fig. 4 ? Some- 
times the pattern can be laid out in such a way that the article 
may be made up of two or more pieces, so that the patterns may 
be laid in one another, as shown in Fig. 5, thereby saving material. 
This is a plan that should always be followed if possible. 

When the patterns are developed, tin plate should be obtained 
of such size as to have as little waste as possible. 

By means of the table on pages 45-47 tin plate may be ordered 
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which will cut to advantage, for there is nothing -Aorse in a tin- 
shop than to see a lot of waste plate under the benches, whereas a 
little foresight in ordering stock would have saved material. 

Capacity of Vessels. Sometimes the tinsmith is required to 
make a piece of tinware which will hold a given quantity of liquid. 
The methods of finding the dimensions are given in Arithmetic 
and Mensuration, which subjects should be reviewed before begin- 
ning this work. 

Shop Tools. The most important hand tools required by the 
tinsmith are: hammer, shears, mallet, scratch awl, dividers and 
soldering coppers. The other tinsmith tools and machines will l>e 
explained as we proceed. 
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Fig. 3. 



Fig. 4. 



Fig. 5. 



Various Methods of Obtaining Patterns. The pattern draft- 
ing for this course is divided into two classes: 

1. Patterns which are developed by means of parallel lines. 

2. Patterns which are developed by means of radial lines. 

The principles w^hich follow are fundamental in the art of 
pattern cutting, and their application is universal in tinsmiths' w^ork. 

INTERSECTIONS AND DEVELOPMENTS. 

The laying out of patterns in tinsmiths' work belongs to that 
department of descriptive geometry, known as development of sur- 
faces, which means the laying out flat of the surfaces of the solids, 
the flat surfaces in this case being the tinplate. In Fig. 6 is shown 
one of the most simple forms to be developed by parallel lines, 
that of an octagonal prism. This problem explains certain fixed 
rules to be observed in the development of all parallel forms, 
which are as follows: 

lo There must be a plan^ elevation or other view of the 
article to be made, showing the line of joint or intersection, and 
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in line with which must be drawn a section or profile of the article. 
Thus, ABCD shows the view of the article, AL the line of joint 
or intersection, and E the profile or section of the article. 

2. The Profile or section (if curved) must be divided into 
equal spaces (the more spaces employed the more accurate will be 
the pattern), from which lines are drawn parallel to the lines of 
the article intersecting the line of joint or intersection. Thus 
from the corners numbered 1 to 8 in the profile E, lines are drawn 
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Fig. 6. 



parallel to the line of the article, intersecting the line of joint AL 
from 1" to 8". In Fig. 7, where the section A is curved, this is 
divided into equal spaces. 

\l. A Htntchont line (showing the amount of material the 
article will require) is next drawn at right angles to the line of the 
article, upon which is placed each space contained in the section 
or profile. Thus JF, in Fig. 6, is the stretchout line, which con- 
tains the true amount required to enclose the profile E. 

4. At right angles to the stretchout line, and from the inter- 
sections thereon, draw lines called the irieasurin^ lines. Thus, 
from the intersections 1' to 8' on JF lines are drawn at right angles 
to the stretchout line JF, which are called measuring lines. 

5. From the intersections on the line of joint draw lines in- 
tersecting similarly numbered measuring lines, w^hich will result 
in the pattern shape. Thus lines drawn from the intersections on 
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the line AL at right angles to BC intersect similarly numbered 
measuring lines as shown. Then JIHF will be the development 
for an octagonal prism intersected by the line AL in elevation. 

This simple problem shows the fundamental principles in all 
parallel-line developments. What we have just done is similar to 
taking the prism and rolling it out on a flat surface. Let the 
student imagine the prism before him with the corners blackened 




Fig. 7. 

and starting with corner 1 turn the prism on a sheet of white 
j)aper until the point 1 is again reached, when the result will cor- 
respond to the development shown. Bearing these simple rules 
in mind, the student should have no difficulty in laying out or 
developing the forms which wMll follow. 

Fig. 7 shows the development of a cylinder, and also shows 
the principles which are applied in spacing circular sections or pro- 
files, as explained for parallel developments. A shows the profile 
or section, B the elevation, and CD the stretchout line or the 
amount of material required to go around the circle. By drawing 
the measuring lines VF and I)E and connecting them by the line 
FE, we obtain CDEP\ which is the development of the cylinder. 

Fig. 8 shows how to obtain the development of the surfaces 
of an intersected hexagonal prism, the angle of intersection being 
45"". First draw the elevation ABCD and the section E in its 
proper position below. Number the corners in the section 1, 2 and 
3, as shown, from which erect perpendicular lines intersecting the 
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plane AB, as shown by l"", 2"^ and .T. Bisect the lines 1 — 1 and 
3 — 3 in plan obtaining the points F and H res})ectively, and draw 
the line FH. This line will be used to obtain dimensions with 
which to construct the developed surface on the plane AB. At 
right angles to AB and from the intersections 1^, 2^ and 8^ draw 
lines as shown. Parallel to AB draw the line F^ H^. Now, 
measuring in each instance from the line FH in E, take the dis- 
tances to 1, 2 and 3, and plae^ them on similarly numbered lines 
drawn from the plane AB, measuring in each instance from the 




Fig. a 

line F^H^ on either side, thus obtaining the points 1', 2' and 3'. 

Connect these points by lines as shown; then J will be the true 

development or section on AB. 

For the development of the prism, draw the stretchout line 

KI at right angles to AD, upon which place the stretchout of the 

section E, as shown by similar numbered intersections on KI. 

From these intersections, at right anorles to KI, draw the measur- 
ed r^ 

ing lines shown, which intersect with lines drawn from similar 
numbered intersections on the plane AB, at right angles to BC. 
Through the intersections thus obtained, draw the lines from L to 
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M. Then KLMI will be the pattern or development of the inter- 
sected prism. • 

Fig. 9 shows the development of an intersected cylinder. A 
is the elevation and B the profile or plan. As each half of the 
development will be symmetrical, divide the profile B into a num- 
ber of equal parts, numbering each half from 1 to 5, as shown. 
From these points perpendicular lines are erected, intersecting the 
plane 1^ — 5^ at 1^ , 2^ , 3^ , 4^ and 5^ . A stretchout is now made 
of the profile B and placed on the horizontal stretchout line CD, 
the points being shown by 5', 4', H\ 2\ l\ 2'\ 3", 4" and 5". From 




Pig. 9. 

these points measuring lines are erected and intersected by similar 
numbered lines drawn from the plane 1^ — 5^ at right angles to the 
line of the cylinder. A line traced through points thus obtained 
will be the development of the intersected cylinder. In this case 
the butting edge or joint line of the cylinder is on its shortest side. 
If the l}utting edge were desired on its longest side, it would be 
necessary to change only the figures on the stretchout line CD, 
making 1' start at 5' and end at 5". 

Where two prisms intersect each other, as shown in Fig. 10, 
it is necessary to find the |)oints of intersection before the surfaces 
can be developed. Thus we have two unequal quadrangular 
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prisms intersecting diagonally at right angles to each other. We 
first draw the section of the horizontal prisms .as shown by B in 
the end view, from which the side view A is projected as shown. 
From the corner T in the section B erect the perpendicular line 
rC, and above in its proper position draw the section D of the 
vertical prism, and number the corners 1, 2, 8 and 4. From the 
corners 1 and 3 drop vertical lines intersecting the profile B at 1' 
and 3', T representing the points 2' and 4' obtained from 2 and 4 
in D. From the points 1' and 3' in B, draw a horizontal line 
through the side view, and locate the center of the vertical prism 
as 3", from which erect the perpendicular line 3" — 1. Now take 
a duplicate of the section T> and place it as shown by F, allowing 
it to make a quarter turn (90''); in other words, if we view the 
vertical prism from the end view, the point 1 in section D faces 
the left, while if we stood on the right side of the end view the 
point 1 would point ahead in the direction of the arrow. The side 
view therefore represents a view standing to the right of the end 
view, and therefore the section F makes a quarter turn, bringing 
the corner 1 toward the top. From points 2 and 4 in section F 
drop vertical lines intersecting the line drawn from the corner 
2' — 4' in B, thus obtaining the intersections 2" — 4" in the side 
view. Draw a line from 4" to 3" to 2", which represents the 
intersection between the two prisms. 

To develop the vertical prism, draw the horizontal stretchout 
line HI, and upon it place the stretchout of the profile D as shown 
by similar figures on HI. Draw the measuring lines from the 
points 1, 2, 3, 4, 1, at right angles to HI, which intersects with 
lines drawn at right angles to the line of the vertical prism from 
intersections having similar numbers on B. A line traced through 
the points thus obtained, as shown by HIU will be the develop- 
ment of the vertical prism. The development of the horizontal 
prism with the opening cut into it to admit the joining of the 
vertical ])rism is shown in Fig. 11, and is drawn as follows: Draw 
any vertical line O^ P^, and on this line place the stretchout of 
the upper half of section B in Fig. 10, as shown by similar letters 
and figures in Fig. 11. From these points at right angles to 
O^ P^ draw lines equal in length to the side view in Fig. 10. Draw 
a line from U to T in Fig. 11. Now, measuring from the line US 
in side view in Fig. 10, take the various distances to points of in- 
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tersections 4", 3", 1" and 2", and place them in Fig. 11 on lines 
having similar numbers, measuring from the line O^ P^, thus re- 
sulting in the intersections 1°, 2^, 3° and 4*^. Connecting these 
points by lines as shown, then O^UTP^ will be the half develop- 
ment of the top of the horizontal prism. The bottom half will he 
similar without the opening. 

Having described the principles relating to parallel forms, 
the next subject will be the principles relating to tapering forms. 
These forms include only the solid figures that have for a base the 
circle, or any of the regular polygons, also figures of unequal sides 
which can be inscribed in a circle, the lines drawn from the cor- 
ners of which terminate in an apex, directly over the center of the 
base. The forms with which the tinsmith has to deal are more 
frequently frustums of these figures, and the method used in 
developing these surfaces is simply to develop the surface of the 
entire cone or pyramid, and then by simple measurements cut oif 
part of the figure, leaving the desired frustum. Thus in the well- 
known forms of the dipper, coffee pot, colander, strainer, wash 
bowl, bucket, funnel, measure, pan, etc., we have the frustums of 
cones above referred to. In speaking here of metal plate articles 
as portions of cones, it must be remembered that all patterns are 
of surfaces, and as we are dealing with-tinplate, these patterns 
when formed are not solids, but merely shells. In works upon 
Solid Geometry the right cone is defined as a solid with a circular 
base, generated by the revolution of a right-angla triangle about 
its vertical side called the axis. 

This is more clearly shown in Fig. 12, in which is shown a 
right cone, which contains the principles applicable to all frustums 
of pyramids and cones. ABC represents the elevation of the cone; 
the horizontal section on the line B(3 being shown by GDEF, 
which is spaced into a number of equal parts, as shown by the 
small figures 1 to 12. As the center or apex of the cone is directly 
over the center n of the circle, then the length of each of the lines 
drawn from the small figures 1 to 12 to the center a will l)e equal 
l)Oth in plan and elevation. Therefore to obtain the envelope or 
development, use AB or AC as radius, and with A in Fig. 13 as 
center, describe the arc 1 - 1'. From 1 draw a line to A and start- 
ing from the point 1, set off on the arc 1-1' the stretchout or num- 
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ber of spaces contained in the circle DEFG in Fig. 12, as shown 
by similar figures in Fig. 18. From 1' draw a line to A. Then 
A- 1-7-1' will be the development of the right cone of Fig. 12. 

Suppose that a frustum of the cone is desired as shown by 
HICB, Fig. 12; then the opening at the top will be equal to the 
small circle in plan, and the radius for the pattern will be equal to 
AI. Now using A in Fig. 13 as a center with AI as radius, describe 
the arc HI, intersecting the lines 1 A and AI' at H and I respective- 
ly. Then H-I-l'-7-l will be the development for the frustum 
of the cone. 

When a right cone is cut by a plane passed other than parallel 
to its base, the method of development is somewhat different. This 





Fig. 13. 

is explained in connection with Fig. 14, in which A is the right 
cone, intersected by the plane represented by the line DE. B repre- 
sents the plan of the base of the cone, whose circumference is divided 
into equal spaces. As the intersection of both halves of the cone 
are symmetrical, it will be necessary to divide only half of plan B 
as shown by the small figures 1 to 7. From these points, erect 
lines parallel to the axis of the cone, intersecting the base line 
of the cone. From these points draw lines to apex F, intersecting 
the line T)E as shown. From the intersections thus obtained on the 
line DE and at right angles to the axis, draw lines as shown, iiTter- 
secting the side of the cone FE. Now using F as center and FlI 
as a radius, describe the arc 7-7'. From 7 draw a line to F, and 
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starting from the point 7 set off on the arc 7 - 7', the stretchout of 
the circle B as shown by the small figures 7-1-7'. From these 
points draw radial lines to the center point F, and intersect them 
by arcs struck from the center F, with radii equal to similarly num- 
bered intersections on the side Hi, and partly shown by points 
7^-1^-7^ Trace a line through the points of intersections thus 
obtained; then 7°-7^-7-7' will be the desired development. 

These same principles are applicable no matter at what angle 
the cone is intersected. For the 
section on the line DE, see the 
explanation in Mechanical Draw- 
ing Part III. 

Fig. 15 shows the principles 
applicable to the developments of 
pyramids having a base of any 
shape. In this case, we have a 
square pyramid, intersected by the 
line DE. First draw the elevation 
of the pyramid as shown by AB(.' 
and in its proper position the plan 
view as shown by 1, 2, 3, 4. Draw 
the two diagonal lines 1-8 and 
2-4 intersecting each other at A'. 
The length of the line AC repre- 
sents the true length on AV, but 
is not the correct radius with 
which to strike the development. 

A true length must be ob- 
tained on the line A'4 as follows: 
At right angles to 3-4 from the 
center A' draw the line A'E' and 
using A' as center and A'4 as 
radius, describe the arc 4E' intersecting A'E' at E'. From E' 
erect the j)erpendicular line El^' intersecting the base line BC ex- 
tended at 1^. From 1^ draw a straight line to A, which will be 
the true length on A'4 and the radius with which to strike the de- 
velopment. (See also Part III, Mechanical Drawing) Now with A 
as center and A-l^ as radius, describe the arc 1^-3^-1^. Starting 
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from 1^ set off the stretchout of 1-2-3-4-1 in plan, as shown 
by P-2^-3^-4^-1^ on the arc 1^-1^ (P-2^ being equal to 1-2, 
etc.), and from these points draw lines to the apex A and con- 
nect points by straight lines as shown from 1^ to 2% 2^ to 3% 3^ 
to 4^ and 4^ to 1^. Then Al^ 3^ 1^ will be the development of the 
square pyramid. 

To obtain the cut, in the development of the intersected plane 




DE, which represents respectively the points 3^-4* and V-2\ 
draw at right angles to the center line, the lines D-D" and E-l", 
intersecting the true length Al^ at D" and 1". Using A as center 
and radii equal to A-D" and A-1" intersect similarly numbered 
radial lines in the development. Connect these points as shown 
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from 1" to 2" , 2" to 3" , 3" to i" and 4" to 1" . Then 1" - 1^ - 3^ - 1^ - 
1"_3" will be the development of the intersected square pyramid. 

To draw DE in plan drop perpendiculars from D and E in- 
tersecting the diagonal lines in plan at 5 c and d a. Connect lines 
as shown at a^ 5, c and d. To obtain the true section of the plane 
DE, take the length of DE and place it, as shown in plan 
from A to /; through i draw the vertical line jm which is inter- 
sected by horizontal lines drawn from points a and d. Draw a 
line from b to m and e ioj which will be the desired section. 

These problems just described should be thoroughly studied 
and practiced on paper, until every step is well understood. 

Practical Workshop Problems will now be considered, and the 
student who thoroughly understands the principles explained in the 
foregoing problems, will be able to develop the patterns with greater 
ease and in less time than is required by the student, who pays 
little attention to the principles, but simply proceeds to develop the 
patterns by blindly following directions. A thorough knowledge 
of the principles renders the student independent as far as pat- 
tern problems are concerned, as he can apply them to new work. 

Short Rules. There are various short rules, which, while not 
geometrically accurate, are sufficiently so for all practical purposes 
and will be introduced as we proceed. In developing patterns for 
any given article, the problem should be gone over carefully, locating 
the joints or seams, so that it can be seen, we might say in our 
minds' eye; by doing this a shorter rule may be employed, thus 
saving time and ex|)en8e. The student who pays attention to these 
smaller details will suc/eed as a pattern draftsman. 

Allowance for Seaming and Wiring. As we are dealing with 
tin plate only, we assume this to have no thickness, and therefore 
make no allowance for the shrinkage of the metal, when bending 
in the machine folder or brake. 

The amount of the material to be added to the pattern for 
wiring wil vary according to the thickness of the metal. A safe 
and practical plan is to use a small strip of thin metal about J inch 
wide and curl this around the wire which is to be used as shown 
in Fig. 10. This will give the true amount of material required, 
whether the wire is to be laid in by hand or by means of the wiring 
machine. First bend off with plyers a sharp corner as shown at a. 
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])lace the wire in the corner and turn A snugly around the wire as 
shown at B. The amount of A, or the allowance to be added to the 
height of the pattern is thus obtained. The vertical joint in tin- 
ware is usually a lock seam as shown in Fig. 17. Three times the 
width of the lock a must be added to the pattern. In other words, 
the end h has a single edge as ^/, while the other end c has a double 
edge as show^n at a and e ; the two ends of the body joining aty. 

In aillowing these edges for the pattern, some workmen prefer 
to add a single edge on one side of the pattern, and a double edge 
on the other, while others prefer to allow one -half of the amount 
required on either side of the pattern. Where the bottom of any 
piece of tinware is to be joined to the body, it is generally double 



w 
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Fig. 16. 



Fig. 17. 



seamed as is shown in Fig. 18, where the two operations are clearly 
shown l)y A and B whether the seaming is done by hand or ma- 
chine, while the lock seam in Fig. 17, is done on the groover. 

Notchins^ the Patterns. Another important point is the 
notching of the edges of the patterns for seaming and wiring; 
special attention should be given to this. The notches should be 
made in such a manner that when the article is rolled up and the 
wire encased or the seams grooved, the ends of the wire or seam 
allowance will lit snugly together and make a neat appearance. 
When an article is made and the notches have not been cut 
properly, the wire, or uneven lines, will show at the ends of the 
seam. Fig. 19 shows how the allowance for wire or locks should 
be cut. A shows the pattern to which an allowance has been 
made for wire at B and for seamincr to the bottom at C. In this 
case a single edge I) has been allowed at one end of the pattern 
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n?ut a double e<lo;e of the other as shown at E. Then, using this 
method of allowance for seaniintr, noteh the allowance for wire B 
and seam V, on a line dra^vn through the solid lines in the pattern 
as shown by <fa and hh. The notches of the allowance D and E 
should be cut at a small angle, as shown. 

Transferring Patterns. After the pattern has been de- 
veloped on man ilia paper, which is generally used in the shop, it 
is placed on the tin plate and 
a few weights laid on top of 
the paper; then wuth a sharp 
scratch aw'l or prick punch and 
hammer, slight prick-punch 
marks are made, larger dots in- 
dicating a bend. The paper is 

then removed and lines scribed 

on the plate, using the scratch 

awl for marking the straight lines, and a lead pencil for the 

curved lines. After laps are added as required, it is ready to be 

cut out with the shears. 

PRACTICAL PROBLEMS. 

In presenting the twelve problems which follow, j)articular 
attention has been given to those problems which arise in shop 

practice. These problems should 
be practiced on cheap manilla 
paper, scaling them to the most 
convenient size, and then prov- 
ing them by cutting the patterns 
from thin card board, and bend- 
ing or forming up the models. 
This will prove both instructive 
and interesting. 
Pail. The first piece of tinware for which the pattern will 
be developed is that known as the flaring bucket, or pail, shown 
in Fig. 20. First draw the center line AB, Fig. 21, upon which 
place the height of the pail, as shown by CD. On either side of 
the center line place the half diameters CE of the top and DF of 
the bottom. Then EFFE will be the elevation of the pail. Ex- 
tend the lines EF until they meet the center line at B, which will 
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be the center point with which to describe the pattern. Now, 
with C as center and ('E as radius, describe the scmi-circle EAE, 
and divide it into equal spaces, as shown. 
This senai-circle will represent the half sec- 
tion of the top of the pail. 




FiK. 21. 

For the pattern proceed as follows: With B as center and 
radii eijual to BF and UK, dfscribe the arcs (ill and IJ. Draw a 
line from G to B. Starting from the point (i lay off on the arc (tH. 
the stretchout of the semi-circle E;\.E. as shown by similar figures 
on (ill. From II draw a line to B, intersectini^ the ai-c IJ at J, 
Then (illJI will be the half pattern for the pail, to which laps must 
tie added for seaming and wiring as shown by the dotted lines. 
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Funnel and Spout. In Fig. 22 is shown a funnel and spout, 
which is nothing more than two frustums of cones joined together. 

Fig. 23 shows how the patterns are developed. In this figure 
the full elevation is drawn, but in practice it is necessary to draw 
only one-half of the elevation, as shown on either side of the center 




Fig. 22. 
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line I>(\ Extend the contour lines until they intersect the center 
line at C and A. Kow, usino; A* as a center, with radii eipial to 
AF and AE, describe the arcs Y^¥^ and E'lv respectively. On 
the arc E'E^ lay off twice the number of s])aces contained in the 
semi-circle B, then draw radial lines from E^ and E' to A', inter- 
secting the inner arc at F'F^, which completes the outline for the 
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pattern. I^aps must be allowed for wiring and seaming. For the 
pattern for the spout use (^ as a center, and with radii equal to (Xj 
and OF describe the arcs F'F and G'G^ On F'F=^ lay off twice 
the amount of spaces contained in the semi-circle D, and draw 
radial lines from F and F^ to C. Then F'F^G'G^ will be the pat- 
tern for the spout. The dotted lines show the edges allowed. 

Hand Scoop. In Fig. 24 is show^n a perspective view of a 
hand scoop, in the development of w^hich the parallel and radial 
line developments are employed. Thus A and B represent inter- 
sected cylinders, while C represents an intersected right cone. 
The method of obtaining the patterns for the hand scoop is clearly 
shown in Fig. 25; these principles are applicable to any fortn of 
hand scoop. 

First draw the 
side view of the scoop 
as shown, inline w^ith 
which ])lace the half 
section; divide this 
into a number of 
equal spaces as shown 
by the figures 1 to 7. 
From these points draw horizontal lines intersecting the curve 
of the scoop. In line wuth the back of the scoop draw the vertical 
line 1 -T, upon which place the stretchout of twice the. number 
of spaces contained in the half section, as shown by similar 
numbers on, the stretchout line.' From these points on the 
stretchout line draw horizontal lines, which intersect lines drawn 
from similarly numbered points on the curve of the scoop parallel 
to the stretchout line. Trace a line through points thus obtained, 
which will give the outline for the pattern for the scoop, to which 
edges must be allowed as shown by the dotted line. The pattern 
for the back of the scoop is simply a flat disc of the required 
diameter, to which edtres for seamincr are allowed. 

When drawing the handle, first locate the point at which the 
center line of the handle is to intersect the back of the scoop, as 
at 2. Through this point, at its j)roper or required angle, draw 
the center line 2^2^. Establish the length of the handle, and 
with any point on* the center line as center, draw the section 
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as shown by 1^, 2* 3*, and 2^, and divide the circumference into 
equal spaces, in this case four. (In practical work it would be 

better to use more than four). Parallel to the center line and from 
these four divisions draw lines as shown intersectincj the back of the 
scoop at l"", 2"^ and S'". For the pattern draw any horizontal line in 
S, as 1";3"1", upon which place the stretchout of the section of the 
handle as shown by 1" 2" 3" 2" 1" on the stretchout line. From 
these points at right angles to the line of the stretchout, draw 
lines as shown. Take the various distances measurincr from the 
line 110 in side, view to points 1^, 2^ and 3"^, and place them on 
lines drawn from similar numbers in S, measuring from the line 
1"3"1". A line traced through these points of intersection wull be 
the pattern for the handle, laps being indicated by dotted lines. 
To close the top of the handle no^ a small raised metal button is 
usually employed, w^hich is double-seamed to the handle. 

To draw the conical boss in 
side view, iirst locate the points i 
and e^ through which draw a line 
intersecting the center line of the 
handle at f. At right angles to 
Fig. 26. the center line, draw the line 

i] representing the top opening of the boss. In similar manner, at 
right angles to the center line, draw a line from e as shown by m, 
intersecting the center line at (j. Now make ija equal to ge and 
draw a line from a to the center /^', which will intersect the back of 
the scoop as shown and the top of the boss at y. With (j as center 
and (jn as radius describe the half section of the cone, divide this 
into equal spaces as shown by ahnle^ from which draw lines at 
right antrles to and intersectincr the base of the cone ae as shown. 
From the intersections on the base line draw radial lines to the 
apex /*, intersecting the back of the scoop as shown. From these 
intersections at right angles to the center line, draw lines inter- 
secting the side of the boss at (t'h'rtW For the pattern proceed as 
shown in diagram v\ With radius ecjual to fc in the side view 
and/^ in //', as a center describe the arc n'n". Draw a line from 
*i" to the center /\ and starting from a" set off on the arc a a" 
twice the number of spaces contained in the semi circle aee in side 
view, as shown by similar letters in diagram w. From these points 




30 



TINSMITHING 



0(} 



draw radial lines to the center f. Now using f in ^o as a center 
describe the arc /'/'. In similar manner, using as xvi^\\fn\fh\fv\ 
fd' and fe in side view, and f in w as center, describe arcs inter- 
secting radial lines havincr similar letters as shown. A line traced 
through points thus obtained forms the pattern for the conical boss. 

1 




Fig. 27. 
Drip Pan. Fig. 26 shows a view of a drip pan with beveled 
sides. The special feature of this pan is that the corners a and h 
are folded to give the required bevel and at the same time have the 
folded metal come directly under the wired edge of the pan. A 
pan folded in this way gives a water tight joint without any sol- 
dering. Fig. 27 shows the method of obtaining the pattern when 
the four sides of the pan have the same bevel. First draw the side 
elevation having a bevel indicated at n^\. Now draw AB(JD, a 
rectangle representing the bottom of the pan. Take the distance 
of the slant 1-2 in elevation and add it to each side of the rect- 
angular bottom as shown by 1', 1", 1'" and V"\ Through these 
points draw lines ])arallel to the sides of the bottom as shown. 
Now extend the lines of the bottom AB, BC, C^D and DA inter- 
secting the lines just drawn. Take the projection of the bevel 
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« to 1 in side elevation and place it on each corner of the pan, as, 
for example, from a* to 1'. Draw a line from 1' to B. By pro- 
ceeding in this manner for all the corners, we will have the butt 
miters, if the corners were to be soldered raw edge. Where the 
bevels are equal on all four sides, the angle 1*B1' is bisected as 




Pig. 28. 

follows: With B as center and any radius draw the arc ff inter- 
secting the sides of the bottom as shown. Then with a radius 
greater than one half oi ff^ with f^un^f* respectively as centers, 
draw arcs which intersect each other at /. Draw a line through 
the intersection i and corner B, extending it outward toward /. 

Now with 1' as center, and radius less than one-half of 1'- 1*, 
draw arc d-c^ intersecting the line 1' B at J, and intersecting the 
line Va* at c. Then with h as center and he as radius, intersect the 
arc cd at e. Draw a line from 1' to ^, intersecting the line // at n. 
From n draw a line to 1*. Transfer this cut to each ot the corners, 
which will complete the pattern desired. Dotted lines indicate the 
wire allowance. 

Sometimes a drip pan is required whose ends have a different 
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flare from those of the sides, and in one case the folded corners are 
to be bent toward the end, while it may be reijuired that the cor- 
ners be folded towards the side. The principles are similar in both 
cases, but as the method of applyincr these principles may be a 
little ditlicult, Fig. 28 has been prepared, which will explain the 
application of these principles. 

First draw the side elevation, showing the desired Hare; also 
draw the end elevation, which shows the flare of the sides, being 
careful that the vertical heights in both views are the same. Now 
draw the pattern of the pan as follows: Take the distance 1-2 in 
side elevation and place it on the ends of the bottom as shown on 
either side by 1 - 2\ Similarly take the distance 8-4 in end eleva- 
tion and place it on the sides of the bottom as shown on either side 
by 3-4'. Through the point 2' and 4' draw lines parallel to the 
ends and sides of the bottom as shown, which intersect lines dropped 
from the end and side views respectively. ///A' represent the butt 
miters which should be placed on all corners. If these miters have 
been correctly developed, the lengths from h to /'must be equal to 
f/i\ Bisect the angle A/'A' by using /' as center and drawing the 
arc ah^ then use a and J as centers and obtain the intersection r, 
through which draw the line ef. Now assume that the folded cor- 
ner is to be turned towards the end view as ^own by t3. Using 
h as a center draw the arc y. Then wnth I as center and // as 
radius, intersect the arc ij at in. Draw a line from h through //i, 
meeting the line ^/'at t^ and draw a line from t to //. 

If the folded corner were turned towards the side as shown by 
/-2" in the side view, bisect the angle vVs as before, and use v as a 
center and proceed as already explained. Note the difference in 
the two corners. The only point to bear in mind is, that when the 
corner is to be folded towards the end, transfer the angle of tht^ 
end miter; while if the corner is to be turned towards the side, 
transfer the angle of the side miter. If the corners were to be 
folded toward the ends of the pan, the cut shown in the right-hand 
corner would be used on all four corners, while if the corners were 
to be folded towards the sides, the cut shown on the left-hand cor- 
ner would be used. 

Tea Pot. In Fig. 29 is shown the well-known form of the 
tea or coffee pot, for which a' short method of developing the pat- 
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tern is shown in Fig. 30. Tbis is one of tin' many cases where a 
sLort rule can bo ust'd to advantage over the geometrical method. 
While it is often advisable to use the true geometrical rule, the 
difference between that and the method here shown is hardly 
noticeable in practice. Of course, it the boily A and spout B were 
larger than the ordinary tea pots in use, it would be necessary to 
use the true geometrical rule, which is thoroughly explained for 
Plates I, II and III. 

The pattern for the body of the 
tea pot will not be shown, only the short 
rule for obtaining the opening in the 
body to admit the joining of the spout. 
The method of obtaining the pattern for 
the body is similar to the flaring vessels 
shown in previous problems. 

First draw the elevation of the Ixxty 
of the tea poi, as shown at A. Assume 
the point ti on the body and draw the 
center line of the spout at its proper 
angle as shown by 2i. Establish the point 3 of the bottom of 
the spout against the body, also the point 3* at the top and draw 
a line from 3 through 3* intersecting the center line at J. At 
right angles to the center line and faom 3 draw the line 3-1 
and make'l equal to ('3. From 1 draw a line to the center point 
and from 3* draw a horizontal line until it intersects the opposite 
side of the spout at 1". Then 1' - 1" - 3^-3 will be the side view of 
the Bpout. Now with '■ as a center draw the half section 1-2-3 
and divide it into equal sjwces; in this case buttwo (in practical 
work more spaces should be employed). From these points and at 
right angles to 1- 3 draw lines intersecting the base of the 
spout as shown, and draw lines from these points to the 
center h. Thus line \h inttrsects the body at 1' and the top of the 
a|)out at 1"; line 2/* intersects the body at it and the tup of the spout 
as shown, while line 3i cuts at 3 and the top of spout at 3*. 
From these intersections at right angles to the center line ith, draw 
lines intersecting the side of the sjiout at 3, 'i\ V at the bottom 
and 1% 2", 3* at the top. Now with l as center and />3 as radius, 
describe the arc 3"- 3" upon which place the stretchout of twice 
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the number of spaces contained in the half section 1 — 2-3, as 
shown by similar figures on 3" -3"; from these points draw radial 
lines to the center />, and intersect them by arcs drawn with i as a 
center and radii equal to the intersections contained on the side of 
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Fig. 30. 




the spout 3-3^. To form the pattern, trace a line through points 
thus obtained and make the necessary allowance for edges. 

It should be understood that in thus developing the spout, the 
fact that the spout intersects a round surface has not been considered; 
it was assumed to intersect a plane surface. As already stated the 
difference in the pattern is so slight that it will not be notic^bl^ 
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in practice. Had we developed the pattern according to the true 
geometrical rule, it would present a problem of two cones of 
unequal diameter intersecting each other, at other than at right 
angles to the axes. 

For the pattern for the opening in the Ixxiy, draw lines at 
right angles to the center line of the body from fntersections 1', (( 
and 3 intersecting the opposite side of the body as shown. With 
E as a center draw a partial j)attern of the body as shown by </<-. 
From any point /'draw a line to the center F. Xow with F as 
center draw the arcs 1, 2' and 3. The distance 1 to 3 on the line 
F/* represents the length of the opening, while a line drawn through 

(f at ritrht anj/les to the center line hr 

"^^.rZ.^ ^ rT"^ ^^^ ^^^ spout represents the width of 

! M /l I 'T I i\ the o])enintr. Therefore take the dis- 

I I / '^jT^^^jip tance from a to 2^ anjl place it as 

j/ZZLZ.Z.zSi L^ I J ^ shown from a' on the Jine /F to 

^liWj 2-2' on either side on the arc. 

Sf4i Trace an ellipse through 1-2^-3-2 

Pig, 31, for the shape of the o{)ening. 

The pattern for the handle is ol). 
tained by taking the stretchout of hjl and placing it as shown on 
the vertical line //'/'. At right angles to h'i' on either side, at top 
and bottom add the desired width of the handle and draw the lines 
shown; add edges for wiring or hem edge. 

For the pattern for the grasp D which is placed inside on the 
handle proceed as is shown in Fig. 31. Let D represent an en- 
larged view of part of the handle in which the grasp is to be soldered. 
Directly in line with it draw the section E taking care that the 
width from 1 to 1 will not be wider than that ])ortion of the handle 
from /• to .V in Ficr. 30, beinir the width at in the elevation. Divide 
the section E in Fig. 31 into a number of equal spaces, from which 
draw vertical lines intersectinir the curve D as shown. Draw the 
center line ah upon which lay off the stretchout of E as shown by 
similar figures. Through these points draw lines which intersect 
with lines drawn from similar intersections in the curve D parallel 
to ah. Trace a line through the jx)ints thus obtained as shown at F. 
Foot Bath. In Fig. 32 is shown an oval foot bath; the princi- 
ples used in obtaining the pattern of which are applicable to any 
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form of flaring vessels of which the section is elliptical or struck from 

more than two centers. Tn tliis connection it may he well to ex- 
plain how to construct an ellipse, so that a set of centers can he 
ohtained with which to strike the arcs desired. Fig. SS shows the 
method of drawing an approximate ellipse, if the dimensions are 
given. Let AB represent the length of the foot bath and CD its 
width. On BA measure BE equal to (-D. Now divide the dis- 
tance EA into three ecjual parts as 
shown bv 1 and 2. Take two of 
these parts as a radius, or E2, and 
with O as center, describe arcs in- 
tersecting the line BA at X and 
X*. Then with XX* as a radius 
and usinor X and X* as centers 
describe arcs intersectincreach other at C and D. Draw lines from 
C to X and X* and extend them toward F and G respectively. 
Similarly from D draw lines through X and X*, extending them 
towards I and H respectively. Now with X and X* as centers, and 
XA and X'B as radii describe arcs intersecting the lines ID, FC, 
GO and IID at J, K, L and M, respectively. In similar manner 

A R B 




Fig. 32. 





Pig. :a 

with D and C as centers and DC and CD as radii describe arcs 
which must meet the arcs already drawn at J, M, L and K, respect- 
ively, forming an approximate ellipse. In Fig. 84 let ABCD repre- 
sent the side elevation of the pan, whose vertical height is equal 

to RC. 

In precisely the same manner as described in Fig. 38 draw 
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the plan as shown, in correct relation to the elevation, letting EFGH 
be the plan of the top of the pan, and JKLI the plan of the bottom, 
struck from the centers, 0,M,P and N. The next step is to obtain 
the radii with which to strike the pattern. Draw a horizontal line 
RE in Fig. 35 equal jn length to NE in plan in Fig 34. Take the 
vertical height RC in elevation, and place it as shown by RC in 
Ficr. 3f5 on a line drawn at ritrht antrles to RE. Parallel to RE 
and from the point C, draw^ the line CJ equal to NJ in Fig. 34. 





Fig. 35. 

Now draw a line from Eto J in Ficf. 35, extendincrit until it meets 
the line RC produced. Then OJ and OE will be the radii with 
which to make the pattern for that part of the pan or foot bath 
shown in plan in Fig. 34 by EFKJ and GHIL. 

To obtain the radii with which to strike the smaller curves in 
plan, place distances PF and PK on the lines RE and CJ in Fig. 
35 as shown by RF and CK. Draw a line from F through K un- 
til it meets the line RO at P. Then PK and PF will be the radii 
with which to strike the pattern, for that part shown in plan in 
Fig. 34 by KFGL and IIIEJ. Xow divide the curve from G to II 
and II to E (Fig. 34) into a number of equal spaces. To describe 

the pattern draw any vertical line E'O' (^'^n* '^'^) ^"*^ ^^^'^ ^* *^ 
center and radii ecjual to OJ and OE in the diagram Y, describe 
the arcs J*K' and E'F* as shown. On the arc E'F' lay off the stretch- 
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out of GH in plan in Fig. 34 as shown by similar figures in Fig. 
35. From the point on the arc E'F* draw a line to O* intersect- 
ing the curve JMv^ Now with PF in diagram Y as radius and F* 
as a center describe an arc intersecting the line F'O* at P^ Then 
using P as a center and with radii equal to P'K^ and PF' describe 

the arcs K*U and F'G* as 




shown. On the arc F^G* 
starting from point 6 lay 
off the stretchout of HE. 
Fig. 34. From 11 draw a 
line to P* intersecting the 
arc K'L* at U. Then 
E'F^G^Lav'J' will be the 




Fig. 36. 

half pattern, the allowance 
for wiring and seaming 
being shown by the dotted 
lines. 

Should the article be 
desired in four sections, 
two pieces of F*K*DG* 
would be required. The 
pattern for the bottom of 
the pan is shown by the inner elli])se in Fig. 34 to which of course 
edges must be aj lowed for double seaming. 

Wash Boiler. In Fig. 30 is shown a perspective view of a 
wash boiler to w^hich little attention need be given, except to the 
raised cover. First draw the plan of the cover B, Fig. 37, which 
shows straight sides with semi-circular ends. Inline with the plan 
draw the elevation A, giving the required rise as at.C. Let C rep- 
resent the apex in elevation, and C* the apex in plan. As both 
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halves ot the cover are Bymiiit'trical, thi' [wttLTii will be developed 
for one half only, Divide the semi. circle 1-3-1 into a number 
of equal spacea as shown liy the small figures 1, 2, 3, 2 and 1. 
from these points draw radial lines to the ajKix C. and through 
C draw the perpendicular art. 03" in elevation represents the 
irue length of ("3 in plan, and to obtain the true length of 
C'2, C'l and C'ff, it will be necessary to construct a diagram of 
triangles as follows: With (" as center, and C", C'l and C'3 
as radii, describe arcs intersecting the center line in plan at «', 1' 
and 2'. From these |)6ints at right angle to 3C' erect lines inter- 
secting the base line of the elevation at '/", 1", 2" 
and 3", from which draw lines to the apex C, as 
I shown. Now, with radii equal to C3"-, 02", CI" 
and V<i", and ('' as center describe arcs 3',2*2\ 
l='l' arid '/*'/*. From C erect the perpendicu- 
intersecting the arc 3* at 3*. Now set the 
dividers e^jual to the spaces 3 to 2 to 1 to a in 
plan, and starting from 3* step off to similar 
numbered arcs, thus obtaining the intersections 
:■ draw lines to C', and trace a line a^Z^a^ to get 
n for the cover. Allow edges for seaming. 
The body of the boiler requires no pattern, as that is simply 
the required height, by the stretchout of the outline shown in plan. 
The handles shown on the body and cover in Fig. 36 are plain 
strips of metal to which wired or hem edges have been allowed. 

Measure. Fig. i!S shows a Haringlipped measure with han- 
dle attached. Care shimid be taken in laying out the patterns for 
these measures, that when the measure is made up it will hold a 
given quantity- While there are various ])roportioii3 used in 
making up the size of the measure, the following table gives good 
proportions: 




Fig- 38. 

2M»'('; from u 
the half patter 



Quantity. 


Bottom Diameter 

Jti inch.-s. 


Top DianiPtor 
in inctifs. 


Height. 




2,06 


1..-17 




»^Pint. 


2.e» 


i.7r» 






3.27 


2,18 


4,90 


1 Quart. 


4.12 


2,7.-. 


6,18 


^Gallon. 


5.18 


3.4.-) 


7.78 


1 Gallon. 


6.55 


4,35 


9.80 
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Fig. 39 shows the iiieth(xl of laying out the pattern for the 
measure and lip. First draw the elevation A to the desired sizt* 




Fig. 39. 

and assume the flare of the lip B, as shown by db. From b draw 
a line through 7" to c which is a chosen point, and draw a line from 
c to d. Draw the handle C of the desired shape. Now extend 
contour lines of the measure until they intersect at a, and draw 
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the half section of the bottom of the measure as shown at D; 
divide this semi -circle into equal parts as shown. Now, with a as 
a center, and al and cu" as radii, describe the arcs as shown. 
From any point (as 1') draw a radial line to ^, and starting at 1' 
set off the number of spaces contained in* the half section D, as 
shown by the small figures V to 7'. From 7' draw a radial line 
to a. Allow edges for wiring and seaming. E represents the half 
pattern for the body of the measure. We find that lip B is simply 
an intersected frustum of a right cone, which can l)e developed as 
shown in the pattern for conical boss of Fig. 25. 

There is, however, a shorter method which serves the purpose 
just as well; this is shown at F, Fig. 31L First draw the half sec- 
tion of the bottom of the lip, which will also be th(^ half section of 
the top of the measure, as shown by the figures 1" to 7". Now, 
with radii equal to i-1", or h-l" and h' in F as center, describe 
the arc 7^7^. From V drop a vertical line intersecting the arc at 
1^. Starting from the point 1^, set off the spaces contained in the 
half section 1"- 4"- 7", as shown by the figures 1^ to 7^. From V 
draw lines through the intersections 7^7^, extending them as shown. 
Now take the distance from 1" to d of the front of the lip and 
place it as shown by V^iT in F. In similar manner take the dis- 
tance from 7" to e of the back of the lip and place it as shown in 
F from 7^ to (/ on both sides. Draw a line from r to //', and bi- 
sect it to obtain the center e. From r, at ritrht ancrles to c<l\ 
draw a line intersecting the line Vd' at /'. Then using /'as center, 
with radius equal to fd\ draw the arc vd'r\ as shown. Adding 
laps for seaming and wiring will complete the pattern for the li])S. 

The pattern for the handle and grasp C is obtained as shown 
in Figs. 30 and 31. 

5cale Scoop. Fig. 40 shows a scale scoop, wired along the 
top edges and soldered or seamed in the center. The pattern is 
made as shown in Fig. 41. First draw the elevation of the scoop 
as shown by ABCD. (In practice the half elevation, BDC, is all 
that is necessary.) At right angles to BD and from the j)oint C, 
draw the indefinite straight line CE, on which a true section is to 
be drawn. Therefore, at right angles to CE, from points C and E, 
draw the lines CC and EE^ From E' erect a perpndicular as 
E^C, on which at a convenient point locate the center F; with 
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FE* c98 radius, describe the arc IIE'I. Then HE^I will be the true 
section on CE in elevation. Divide the section into a number of 
equal parts as shown by the figures 1 to 7; through these points, 
parallel to the line of the scale BD, draw lines intersecting BC and 

CD as shown. At right angles 
to BD draw the stretchout line 
1-7 and place upon it the stretch- 
out of the section as shown by 
similar figures. At right angles 
j?ig. 4U. to 1 - 7 draw lines which intersect 

lines drawn at right angles to BD, from intersections on BC 
and DC having similar numbers. Trace a line through these 





Fig. 41. 

points and thus obtain the desired pattern. The dotted outline 
shows the lap and wire allowance. 
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In Fig. 42 is shown a perspective view of a dust pan with a 
tapering handle passing through the back of the pan and soldereil 
to the bottom. The tirst step is to draw the plan and elevation 
which is shown in Fig. 43. Let ABC be the side view of the pan. 
Directly below it, in its proper position, draw the bottom DEFG. 
From the point C in elevation draw a line i£d indefinitely. Kow 
bisect the angle EFG, Through c and F draw the line cd, in- 
tersecting the line d<V at d. From d draw a line to G. 

In the same manner obtain Bf' D on the opposite side, which 




will complete the plan view of the pan. Now locate the point h 
in side view, through which the center line of the handle shall pass, 
and draw the line Ivi Through m, the end of the handle, draw 
the line i\o at right angles to 7w, and assume n the half width at 
the top and / the point where the contour line of the handle shall 
meet the back of the pan, and draw a line from n through _/, inter- 
secting the center lino Im at /. Hake ww equal to mo and 
draw a line from n- to /, intersecting the back of the pan at x. 
Through h at right angles to the center line draw y", giving the 
diameter of the handle at that point to be used later. This com- 
pletes the elevation of the handle; the plan view is shown by dotted 
lines and similar letters, but is not required in developing the 
pattern. 

For the pattern of the pan proceed as is shown in Fig. 44, in 
which DEFG is a reproduction of similar letters of Fig. 43. Take 
the distance of BC in side view, Fig. 43, and place it as shown by 
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BC in Fig. 44 and through C draw a line parallel to EF as shown. 
At right angles to and from EF draw Er and Fr, then take the 
distance from v to 
d m plan in Fig. 43 3IDE view 
and place it as 
shown from r io d 
on both sides in 
Fig. 44. Draw the 
lines dY and </E. 
Now using £ asD 
center, and radius 
equal to E^ des- 
cribe the arc st. 
Then with td as 
radius and s as cen- 
ter, intersect the 
arc %t at d\ Draw 
a line from d' to 
D. Insimilarman- 
ner obtain ^'G on Q 
the opposite side, 
which will com- 
plete the pattern 
for the pan. Allow ^ 
laps for wiring and ^ 
edging. 

The opening 
in the back of the 
pan to allow the 
handle to pass 
through is obtain- 
ed by first drawing 
a center line ef^ 
then take the dis- 
tances from j to h 
and htoxxn Fig 
43, noting tha^ ^- i^i^,. «>. 

comes directly on the bend B, and place it in Fig. 44 on the line ef 




Fig. 43. 



' J 




-^mm^" 
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froiu^' to li to x^ placing / on the bend as shown. Now take the dis- 
tance from h to i or h tof in side view in Fig. 43 and place it in 
Fig. 44 from h to v* on either side; on a line drawn through the 
points jhvi draw an ellipse shown. Fig. 45 shows the method 
of drawing the pattern for the tapering handle. From the figure 
we find that we have a frustum of a right cone. To illustrate each 
step the handle has been slightly enlarged. 7?, ^>,^',/ represents 
7#, o^j^f in Fig. 43. Draw the half section in Fig. 45 as shown, 
and divide it into equal parts; 
drop perpendiculars as shown to 
the line 7io^ and from these 
points draw lines to the apex b, 
which is obtained by extending 
the lines 7if and oj until they 





Fig. 47. 



Fig. 46. 

meet at I. Where the radial 

lines intersect the line jf draw 

lines at right angles to the 

center line 3b, intersecting the 

side of the handle <? J at 1', 2', 

3', 4' and 5'. Now with J as a center and ho as a radius, 

describe the arc 1-1, upon which place twice the number of spaces 

contained in the half section a. From these points on 1-1 draw 

radial lines to b and cut them with arcs struck from h as center 

and radii equal to ll\ 12\ bS\ bi' and J5'. Trace a line through 

points thus obtained to complete the pattern. 

Colander. Fig. 46 shows another well-known form of tin 
w^are, known as a colander. The top and bottom are wired and 
the foot and body seamed together, the handles of tinned malleable 
iron being riveted to the body. In Fig. 47 is shown how to lay 
out the patterns. Draw the elevation of the body A and foot B 
and extend the sides of the body and foot until they meet respec- 
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tively at C and D on tlie center line ah. Draw the half section on 
the line 1-7 and divide it into equal parts as shown. For the body 
use C as a center and describe the arcs shown, laying off the 
stretchout on the lower arc, allowing edges in the usual manner. 
Then E will be the half pattern for the body. In the usual man- 
ner obtain the pattern for the foot shown at F, the pattern being 
struck from D' as center, with radii obtained from the elevation 
Dl and Dc. 
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TABLE OF STANDARD OR REGULAR TIN PLATES. 



Size and Kind off Plates, Number and Weight of Sheets in a Box, and 
Wire Quage Thiclcness, of Every Kind and Size. 



Size. 


Grade. 


• 

Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Guage. 


10x10 


IC 


225 


80 


29 


n 


IX 


225 


100 


27 


ii 


IXX 


225 


115 


26 


a 


IXXX 


225 


130 


25 


n 


IXXXX 


225 


145 


24 1-2 


10 xU 


IC 


225 


112 


29 


ii 


IX 


225 


140 


27 


(i 


IXX 


225 


161 


26 


" 


IXXX 


225 


182 


25 


ii 


IXXXX 


225 


203 


24 1-2 


ki 


IXXXXX 


225 


224 


24 


ii 


IXXXXXX 


225 


245 


23 1-2 


10x20 


IC 


225 


160 


29 


ii 


IX 


225 


200 


27 


11x11 


IC 


225 


95 


29 


ii 


IX 


225 


121 


27 


it 


IXX 


225 


139 


26 


ii 


IXXX 


225 


157 


25 


ii 


IXXXX 


225 


175 


24 1-2 


11x15 


SDC 


200 


168 


26 


ii 


SDX 


200 


189 


25 


i( 


SDXX 


200 


210 


24 1 2 


11x15 


SDXXX 


200 


230 


24 


12x12 


IC 


225 


112 


29 


ii 


IX 


225 


140 


27 


« 


IXX 


225 


161 


20 


u 


IXXX 


225 


182 


25 


u 


IXXXX 


. 225 


203 


24 1-2 


u 


IXXXXX 


225 


224 


24 


ii 


IXXXXXX 


225 


245 


'23 1-2 


121-2x17 


DC 


100 


98 


28 


ii 


DX 


100 


126 


26 


i( 


DXX 


100 


147 


24 


ii 


DXXX 


100 


168 


23 


it 


DXXXX 


100 


189 


22 


ii 


DXXXXX 


100 


210 


21 


13x13 


IC 


225 


135 


29 


ii 


IX 


225 


169 


27 


ii 


IXX 


225 


194 


26 


ii 


IXXX 


225 


220 


25 


ii 


IXXXX 


225 


245. 


24 1-2 


13x17 


IXX 


225 


254 


26 


13x18 


IX 


225 


234 


27 


ii 


IXX 


225 


269 


26 


14x14 


IC 


225 


157 


29 


ii 


IX 


225 


196 


27 


ii 


IXX 


225 


225 


26 


u 


IXXX 


225 


255 


25 
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TABLE OF STANDARD OR REGULAR TIN PLATES.— Con. 



Size. 


Grade. 


Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Gauge. 


14x14 


IXXXX 


255 


284 


24 1-2 


14x17 


IX 


225 


238 


27 


14x20 


IC 


112 


118 


29 




IX 


112 


143 


27 




IXX 


112 


162 


26 




IXXX 


112 


183 


25 




IXXXX 


112 


202 


24 1-2 


15x15 


IX 


225 


225 


27 




IXX 


225 


259 


26 




IXXX 


225 


293 


25 




IXXXX 


225 


326 


24 1-2 


15 X 21 


IX 


112 


158 


27 




DXX 


KK) 


218 


24 




DXXX 


100 


249 


23 




DXXXX 


100 


280 


22 


15x22 


IXX 


112 


190 


26 




SDXX 


100 


210 


24 1-2 




SDXXX 


100 


230 


24 


16x16 


IC 


225 


205 


29 




IX 


225 


256 


27 




IXX 


225 


294 


26 




IXXX 


225 


333 


25 




IXXXX 


225 


371 


24 1-2 


17x17 


IC 


225 


231 


29 


17x17 


IX 


225 


289 


27 




IXX 


112 


166 


26 




IXXX 


112 


188 


25 




IXXXX 


112 


210 


24 1-2 


17x25 


DC 


100 


196 


28 




DX 


100 


252 


26 




DXX 


50 


146 


24 




DXXX 


50' 


168 


23 




DXXXX 


50 


189 


22 




IX 


112 


213 


27 




IXX 


112 


244 


26 


18x18 


IX 


112 


162 


27 




IXX 


112 


186 


26 




IXXX 


112 


211 


25 




IXXXX 


112 


235 


241-2 


19x19 


IC 


112 


144 


29 




IX 


112 


180 


27 




IXX 


112 


207 


26 




IXXX 


112 


234 


25 


A 4 


IXXXX 


112 


262 


24 1-2 


20x20 


IC 


112 


160 


29 




IX 


112 


200 


27 




IXX 


112 


230 


26 




IXXX 


112 


260 


25 




IXXXX 


112 


m) 


24 1 -2 


20x28 


IC 


112 


224 


29 




IX 


112 


280 


27 




IXX 


112 


322 


26 
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TERNE PLATES. 





Size. 


Grade. 


Sheets 
in Box. 


Pounds 
in Box. 


Wire 
Gauge. 




14x20 


IC 


112 


112 


2^) 




ki 


IX 


112 


140 


27 




20x28 


IC 


112 


224 


29 




4i 


IX 


112 


280 


27 




20x2(X) 


IC 


Roll 


176 


29 




u 


IX 


ii 


220 


27 
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EXAMINATION PLATES. 

Drawing Plates I to IV inclusive constitute the examination 
for this Instruction Paper. The student should draw these plates 
in ink and send them to the School for correction and criticism. 
The construction lines and points should be clearly shown. The 
date, student's name and address, and plate number should be 
lettered on each plate in Gothic capitals. 

In preparing the plates, the student should practice on other 
paper, and then send finished drawings for examination. The 
j)late8 of this instruction paper should be laid out in the same 
manner and of the same size as the plates in Mechanical Drawing 
Parts I, II and III. 

PLATE I. 

On this plate, the intersection between two right cones is 
shown. This problem arises in thj manufacture of tinware in 
such instances as the intersections betw^een the spout and body 
as in a teapot, watering pot, kerosene-oil can, dipper handle and 
body, and other articles. It is one of the most complicated prob- 
lems arising in tinsmith work. The problem should be drawn in 
the center of the sheet making the diameter of the base A 4 
inches and the height of the cone B 4^ inches. The distance 
from X to Y should be 1 inch. From the point F measure down 
on the side of the cone a distance of 3^ inches and locate the 
point C, from w^hich draw the axis of the smaller cone at an angle 
of 45^ to the axis of the lartrer cone.* From C measure on CL 
1| inches locating the point 0'; through this point, at right angles 
to the axis, draw ED equal to lA inches. From the point 4' on 
the base of the cone, measure up on the side of the cone a distance 
of A inch as indicated by ^, and draw a line f rom ^ to E, extending 
it, until it intersects the axis LC at L. From L draw a line 
through D extending it until it intersects the larger cone at a. 
Then D«6>Ewill represent the outline of the frustum of the 
smaller cone in elevation. 

The next step is to obtain the line of intersection between 
tb** two cones, but before this can be accomplished, horizontal 
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sections must be made through various planes of the smaller cone 
cutting into the larger. As the intersection of each half of the 
smaller cone with the larger one is symetrical, and as the small 
cone will not intersect the larger one to a depth greater than the 
point 1 in plan, divide only one-quarter of the plan into a number 
of equal spaces as shown by figures 1 to 4; from these points 
draw radial lines to the center F! as shown. Also from points 1, 
2, 3 and 4 erect vertical lines intersecting the base of the cone at 
1', 2', 3' and 4' respectively, from which points draw radial lines to 
the apex F. 

Now with 6' on the line ED as a center describe the circle 
shown, which represents the true section on ED. Divide each 
semi-circle into the same number of divfsions as shown by the 
small figures D, 5, 6, 7, and E on either side. From these points at 
right angles to ED draw lines intersecting the center line ED at 5'. 
6' and 7'. From the apex L draw lines through the intersection 5*, 6' 
and 7', and extend them until they intersect the axis of the large cone 
at e and the base line at Tc and n. The student may naturally ask 
why the radial lines in the small cone are drawn to these points. 
As it is not known how far the smaller cone will intersect the larger 
one, we obtain such sections on the planes just drawn, as we think 
will be required to determine the depth of the intersection. Thus 
the radial line drawn through 5' intersects the radial lines through 
4'^ 3', 2' and 1' in the larger cone, at i, c, d and e respectively. 
The radial line through 6' intersects radial lines in the larger cone 
aty*, A, i^j and the base line at ^, while the radial line drawn 
through the point 7', intersects the radial lines of the larger cone 
at I and tti and the base at n. We know that the line Y>a and Eo 
of the smaller cone intersect the larger cone at points a and o re- 
spectively, and determine the true points of intersection; these are 
shown in plan by a* and o\ and therefore no horizontal sections 
are required on these two planes. For the horizontal section on 
the plane h e^ drop vertical lines from the intersections J, c and d 
on the radial lines, intersecting radial lines having similar num- 
bers in plan as shown by ?/, c' and d\ To obtain the point of in- 
tersection in plan of e in elevation, draw from the point e a hori- 
zontal line intersecting the side of the cone at e^, from which point 
drop a perpendicular line intersecting the center line in plan at e^. 
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Then using F^'^ as radius, describe an arc intersecting the radial 
line 1 at e. Through the points e\ d\ c' and h' draw a curved 
line, which is the half horizontal section of J ^ in elevation. In 
the same manner obtain the sections shown in plan by /*, h\ i\f 
and Jc'\ and l\ in! and n\ which have similar letters and figures in 
both plan and elevation. The next step is to obtain the intersec- 
tions where the radial lines of the smaller cone will intersect these 
sections in plan just obtained. To avoid a confusion of lines 
which would otherwise occur, a reproduction of the plan and ele- 
vation has been transferred to Plate II. 

PLATE 11. 

The figures on this plate are similar to those on Plate I and 
have similar letters and figures; those letters and figures being 
omitted which "are not necessary. This plate should be studied 
carefully before proceeding. The reproducing from Plate I can 
be best done by using a needle point or the small needle which is 
usually found in the handle of the drawing pen, when unscrewing 
the pen from the handle, and pricking through Plate I, very small 
indistinct prick marks. Omit all that is omitted in Plate II, 
where it will be noticed that the radial line in elevation, of the 
larger cone, and some of the various small letters in plan are not 
represented. 

To obtain the plan view of the smaller cone, proceed as fol- 
lows: Extend the line F^ 4 in plan as shown by F^ E^ From the 
apex L of the smaller cone drop a vertical line intersecting F^ E^ at 
U, which represents the apex of the smaller cone in plan. With 
L^ as center and radius equal to the radius 6' D describe the circle 
E^ D^ and divide the circumference into the same number of spaces 
as ED, being careful to number the spaces as is there shown. The 
reason for doing this may be better understood from what follows: 
Assume that ED is a pivot on which the circle turns, so that it 
lies on a plane ED, then by looking down from the top, the points 
6 and 6 appear as shown by 6' and 6' in plan. 

A better illustration is obtained by cutting a card-board disc 
and after spacing it and numbering the points hold it in various 
positions until all the points become clear. Now from the inter- 
sections on ED in elevation, drop lines, intersecting horizontal 
lines drawxi from similar numbered points in the profile E^ D^, 
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thus obtaining the points of intersection D^, 5\ 6% 7^ and E^. 
Trace a curved line through these points, which will give the 
the top view of ED. As the radial lines drawn through the 
points 5', 0' and 7' on the line ED of the smaller cone in 
elevation intersect the section lines he^ fk and In respec- 
tively, the radial lines in plan drawn through the apex L* and 
points 5^, 6^, and 7^ must intersect similar section lines in plan 
1/ e\f' h' and V n' respectively, as shown by points 5*, 6* and 7*. 
The points a* and o' are obtained by dropping perpendiculars from 
the points a and o in elevation onto the line E^ F^ in plan. 
Through the points thus obtained, draw the curved line «', 5*, B'', 
7^^, o which will represent the plan view of one-half of the inter- 
section between the two cones, the other half being similar. 

Now from the intersections 5*, i^'^ and 7* on the section lines 
b' e J J^' k' SLud /' n' respectively, erect perpendicular lines inter- 
secting similar section lines in elevation b e^fk and In as shown 
respectively by points 5°, O'' and 7°. 

A curved line traced through a^ 5°, 6°, 7° and o will represent 
the line of intersection fcetween the two cones in elevation. At 
right angles to the axis of the smaller cone and from the inter- 
sections «, 5°, 6° and 7^ draw lines intersecting the side of the 
cone E <9 at D-^ 5^ (>^ and 7^. For the pattern of the smaller 
cone proceed as is shown in the following plate: 

PLATE HI. 

On this plate the two patterns should be placed in the center 
of the sheet. Take the radius of LD in Plate II and with L in 
Fig. 1 of Plate III as center describe the arc DD. From L drop 
a vertical line as shown by L E\ Upon the arc DD meas- 
uring from either side of the point E, lay oif the stretchout of 
the semi-circle E, 7, 6, 5, D in Plate Has shown by similar letters 
and figures on DD in Fig. 1 Plate III. From the apex L and 
through these points draw radial lines as shown and intersect them 
h^ arcs whose radii are equal to L D^, L 5^^, L 6^, L 7^^ and L E-^ in 
Plate IT, as shown by similar letters and figures in Plate III. Trace 
a line through points thus obtained, and D, E, D, D^, E'^, D^, D 
will be the pattern for the small cone. As the pattern for the 
larger cone is obtained in the usual manner, we will only show 
how to obtain the opening to be cut into one side of the larger 
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cone to admit the intersection of the smaller. We must now 
again refer to Plate II. From the intersections a^ 5", O"^, 7"", and 
'Mn elevation draw lines at ricrht ancrles to the line of the axis, 
intersecting the side of the cone at 4^, 5^, G^, 7^^ and 4^. 

Also in addition to the spaces 1, 2, 3 and 4 in the ])lan view% 
it will be necessary to obtain the points of intersection on the base 
line in plan, where the radial lines would intersect drawn from 
the apex F^ through the points of intersections between the two 
cones. This is accomplished by drawing lines from F^ through 
5*, 6^ and 7* until they intersect the base line in plan at 5, (3 and 
7. All these points form the basis with which to develop the 
pattern shown in Fig. 2 of Plate III, in which draw the vertical 
line F 4, and with F as a center and radii equal to FY, and F P 
in Plate II draw the arcs YY and PP in Fig. 2 of Plate- III as 
shown. Xow starting from the point 4 on the arc PP on either 
side, lay off the stretchout of 1, 6, 5, 7 and 4 in plan in Plate 
II as shown by similar numbers in Fig. 2 of Plate III. From 
the points 6, 5, 7 and 4 on either side draw radial lines to the 
apex F, which will be used to obtain the pattern for the opening. 
Xow with F as center and radii equal to F 4^, F 5^, F 6^, F 7^ 
and F 4^ in Plate II, describe arcs intersecting radial lines having 
similar numbers in Fig. 2 of Plate III as shown by intersections 
having similar numbers. A line traced through these points will 
be the required opening to be cut out of the pattern of the larger 
cone, one-half of which is shown by drawnng radial lines from the 
points 1 and 1 to the apex F. 

PLATE IV. 

In drawing this plate, the same size paper and border lines 
should be used as for the preceding plates. The subject for this 
plate is an oil tank resting on inclined wooden racks. The prob- 
lem involves patterns in parallel and radial-line developments. 
The drawing can be made to any convenient scale until the prob- 
lems are understood and should be proven by paste-board models. 
It should be drawn to a convenient scale, placing the pattern to 
till the sheet and make a neat appearance. The section, stretch- 
out lines, construction lines, and develo])mciits should be num- 
bered or lettered, so as to prove the thorough understanding of 
the problem, and then sent to the School for correction. The var- 
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ions parts in the elevation and patterns have similar letters. A 
represents the tank body, the pattern being shown by A^. B shows 
the bottom, the pattern being shown by B^. The cone top C and 
inlet D are shown developed by C^ and D^ respectively, while the 
outlet E and opening F in elevation are shown developed by E^, 
and F^ in the bottom B^ 
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In all elbow work the difficulty lies in obtaining the correc* rise of the 
miter line. By the use of a protractor this is overcome and thus the necessity 
of drawing a complete quadrant is avoided. Following the rule given in the 
illustration the rise can be ea^^ found, when the throat and diameter of the 
pipe is known. / 

In the upper table are sho^m various pieced elbows, having different 
degrees when finished, and the various miter lines. There are six miter pat- 
terns shown, the first for a 6-pieced elbow having 90° when completed; the 
second for a 4-pieced 90° elbow; the third for a 3-pieced 90° elbow; the fourth 
for a 2-pieced 70° elbow; the fifth for a 2-pieced 90° elbow, and the sixth for 
a 2-pieced 105^ elbow. 

No matter what size of throat the elbow may have, or what diameter 
or number of pieces, always follow the rule given in the illustration and obtain 
the miter line; then place the half profile in its proper position and place the 
full girth of the pipe on the line shown in the pattern by similar numbers. 
By reversing the cut opposite the line 1-7-1 the pattern for the middle pieces 
is obtained, after which one cut can be placed into the other as shown on 
Page 48 Sheet Metal Work, Parf I. 



* The illustration referred to will be found on the back of tliis page. 



SHt:iL;.4VlETAL WORK, 

PART T. 



The sheet-metal worker of today who wishes to succeed mnst 
know far more than was necessary years ago. There are many 
good, practical sheet-metal workers in the trade who are handi- 
capped because they are unable to lay out the patterns that arise 
in their daily work. Notwithstanding the introduction of labor- 
saving machinery, the demand for good workmen has increased. 
While most sheet-metal workers acquire practical knowledge in the 
shop, they lack the technical education necessary to enable them to 
become proficient as pattern cutters and draftsmen. In this 
course, special attention is given to the fimdamental principles 
that imderlie the art and science of pattern drafting. 

Practical workshop problems will be presented, such as arise 
in everyday practice, thus giving the student the practical 
experience that usually comes only after long association with the 
trade 

CONSTRUCTION. 

In constructing the various articles made from sheet metal, 
various gauges or thicknesses of metal are used. For all gauges 
from No. 20 to No. 30 inclusive, we assume in the development 
of the pattern, that we are dealing with no thickness, and we make 
no allowance for bending or rolling in the machine. But where 
the metal is of heavier gauge than No. 20, allowance must be made 
for shrinkage of the metal in the bending and rolling operations, 
which will be explained in connection with development in heavy 
sheet-metal work. What has been said about wiring, seaming, 
and transferring patterns in the Tinsmith's Course is applicable to 
this course also. It is sometimes the case that the capacity of a 
vessel or article must be determined, when the rules given in 
Mensuration should be followed. When figuring on sheet-metal 
work, the specifications sometimes call for various metals, such as 
galvanized sheet iron or steel, planished iron, heavy boiler plate, 
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band iron, square or round rods for bracing, etc., zinc, copper, or 
brass; and the weight of the metal must often he calculated together 
with that of stiffening rods, braces, etc. On this accoimt it is 
necessary to have tables which can be consnlt(Hl for the various 
weights. 

TABLES. 

There is a wide difference between gauges in use, which is 
very annoying to those who use sheet metal rolled by different 
firms according to the various gauges adopted. It would be well 
to do away with gauge numbers, and use the micrometer caliper 
shown in Fig. 1, which determines the thickness of the metal by the 
decimal or fractional parts of an inch. 




Fig.L 

This is the most satisfactory method for the average mechanic 
who works sheet metal manufactured by firms using different 
gauges. The tables on pages 61 to 74 can be consulted when 
occasion arises. 

SHOP TOOLS. 

In allowing edges for seaming and wiring, we must bear in 
mind that when a seam is to be grooved by hand or machine the 
allowance to be made to the pattern should conform to the rolls in 
the machine or the hand tools in use. The edges of the pattern 
are usually bent on the sheet-iron folder, or brake, while the seam 
can be seamed or grooved with the hand groover or giant grooving 
machine. Where round pipe work is done in lengths up to 3 feet, 
the slip roll former is use<l, while square or rectangular pipes are 
bent up on the brake in 8-foot lengths. Where pipes, elbows, 
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stove bodies, furnace shells, metal dninis, etc., are made, the sheets 
are cut square on the large squaring shears, rolled, grooved, and 
stiffened, by beading both ends in tlie beading machine, using 
ogee rolls. There is also a sj^x^cial machine for seaming the cross 
seams in furnace pipes, also a set of machines for the manufacture 
of elbows used in shet^t-metal work. As before mentioned, if these 
machines are at hand, it will be well to make slight modifications 
in the pjittems so that both the machines and patterns may work 
to advantage. 

PATTERNS OBTAINED BY VARIOUS METHODS. 

In this course will be explained the four methods used in 
developing patterns for sheet-metal work, namely, parallel line, 
radial line, triangulation, and approximate developments. What 
was said on parallel and radial line developments in the Tinsmith's 
Course is applicable to this course also. 

INTERSECTIONS AND DEVELOPMENTS. 

The following problems on parallel line developments have 
been selected because they have a particular bearing on pipe work 
arising in the sheet-metal trade. All of the problems that will 
follow should be carefully studied, drawn on cheap paper, and 
proven by cardboard models. These models will at once show any 
error in the patterns which might otherwise be overlooked. As 
only the Examination Plates are to be sent to the School, the 
student should draw all the other plates given in this course. 

The first problem to be drawn is shown in Fig. 2, being the 
intersection between a cylinder and octagonal prism. In drawing 
these problems for practice, make the cylinder and octagonal prism 
both 2 inches in diameter. The height of the cylinder from B to 
E should be 4^ inches ; and the length of the prism from G to H, 
3 inches. Let A represent the plan of the cylinder, shown in 
elevation by B C D E ; and F, the section of the prism, shown in 
plan by G H I J. Number the comers of the section F as shown, 
from 1 to 4 on both sides; and from these points draw horizontal 
lines intersecting the plan of the cylinder at 2 '3' and 1'4' on both 
sides as shown. Establish a convenient intermediate point of 
intersection between the comers of the prism, as a and a in A, from 
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which draw horizontal lines intersecting the section F at a ' , a ' , a ' , 
and a ' . Take a tracing of the section F with its various inter- 
sections, and place it in its proper jxjsition as shown by F^, in the 




center of the cylinder B C D E, allowing the section to make a 
quarter turn, and bringing the points J ' J ' at the top and bottom 
on a vertical line, while in the section F, J ' h' are on a horizontal 
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line. From the various intersections in F^, draw horizontal lines 
intersecting vertical lines drawn from similarly numbered inter- 
sections in the plan A, as shown in elevation. A line drawn 
through these points will represent the joint between the cylinder 
and prism. 

For the development for the prism, extend the line H I in plan 
as N K, upon which place the stretchout of all the points contained 
in the section F, as shown by similar figures and letters on N K. 
Through these points, at right angles to N K, draw lines which 
intersect with lines drawn from similarly numbered points and 
letters in plan, at right angles to J I. Trace a line through points 
thus obtained, and K L M N will be the desired pattern. To obtain 
the development for the ox)ening in the cylinder, extend the line 
D E in elevation as S O, upon which place the stretchout of all the 
IX)ints contained in the half-circle A, as shown by similar numbers 
and letters on S O. At right angles to S O and through these 
points, draw lines intersecting horizontal lines drawn from inter- 
sections having similar numbers and letters in elevation, thus 
obtaining the intersections shown by T U V W, which will be the 
shape of the opening to be cut into one-half of the cylinder. 

In Fig. 3 is shown the intersection between a hexagonal and 
quadrangular prism, the hexagonal prism being placed in elevation 
at an angle of 45° to the base line. When drawing this problem 
for practice, make the height of the quadrangular prism 4| inches, 
and each of its sides 2 inches. Place the hexagonal prism at an 
angle of 45° to the base line, placing it in the center of the 
quadrangular prism in elevation as shown; and inscribe the hex- 
agonal section in a circle whose diameter is 2^ inches. Let A 
represent the plan of the quadrangular prism placed diagonally as 
shown, above which draw the elevation B C D E. In its proper 
position and proper angle, draw the outline of the hexagonal prism 
as «hown by 1^ 1" 4' 4^; and on 1'' 4" draw the half section as 
shown by F, numbering the comers 1" 2" 3" and 4*. From the 
comer 1 ' in the plan A, draw the center line 1 ' 4. Take a tracing 
of the half section F, and place it as shown by F', placing the 
points 1' 4' in F on the center line in F' as shov/n. From the 
comers 1, 2, 3, and 4, draw lines parallel to the center line, intersect- 
ing the two sides of A (J 1' and 1' a) at 2' 3' and 1 ' 4', as shown. From 
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these intersections draw vertical lines, which intersect by lines 
drawn parallel to 4' 47 from comers having similar numbers in F, 
thus obtainiDg the points of intersection 1^ 27 3^ and 4^. Dropping 
vertical lines from the intersections on the plane 1 " 4' in elevation, 
and intersecting similarly numbered lines in plan, will give the 
horizontal section of 1' 4', as shown by 1° 2° 3° and 4°. 




^.'---< 




For the development of the hexagonal prism, extend the line 
4" 1' as shown by H J, upon which place the stretchout of twice 
the number of spaces contained in the half section F, as shown by 
similar figures on the stretchout line H J. From these points, at 
right angles to H J, draw lines as shown, which intersect by lines 
drawn at right angles to the line of the prism from intersections 
1^ to 4^, thus obtaining the points of intersection 1* to 4^. Lines 
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traced from point to ix)int as shown by J K L H, will be the 
required development. The shape of the opening to be cut into the 
quadrangular prism, is obtained by extending the line D E in 
elevation as N O, upon which place the stretchout of one-half 
the section A, with the various points of intersection, as shown by 
similar figures on O N. At right angles to O N erect lines from 
these points, which intersect by lines drawn from similarly 
numbered intersections in elevation at right angles to the quad- 
rangular prism, thus obtaining the points of intersection 1'" to 4'" 
on both sides. Then N O P R will be the half development. 

Fig. 4 shows the intersection between two cylinders of equal 
diameters at right angles. Make the height of the vertical cylinder 
3 inches, that of the horizontal cylinder 1^ inches, and the diameters 
of both 2 inches. Let A represent the plan of the vertical cylinder, 
and B its elevation. Draw the plan of the horizontal cylinder C, 
shown in elevation by D placed in the center of the vertical 
cylinder. Draw the half section E in plan and divide it into 
equal parts, as shown from 1 to 3 to 1. In a similar manner draw 
the half section E* in elevation, which also divide into the same 
number of spaces as E, reversing the numbers as shown. 

The following suggestions are given to avoid confusion in 
nmnbering the points or comers of irregular or round sections in 
plan and elevation. If the half section E were bent on the line 1-1 
and turned upward toward the reader, and we should view this 
section from the front, the point 3 would be at the top, or, if bent 
downward, would be at the bottom ; therefore the points 3 and 3 in 
elevation are placed at top and bottom. Now if the section E^ in 
elevation were bent on the line 3-3 either toward or away from the 
reader, the jxDint 1 when looking down would show on both sides as 
shown in plan, which proves both operations. No matter whether 
the form is simple, as here shown, or complicated as that which 
will follow, the student should use his imaginative power. Study 
the problem well ; close your eyes and imagine you see the finished 
article before you, or, failing in this, make a rough model in the 
shop or a cardboard model at home, which will be of service. Now 
from the intersections in E, draw horizontal lines intersecting the 
circle A at 1', 2' and 3' on both sides. From these points erect 
perpendicular lines and intersect them with horizontal lines drawn 
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Fig. 4. 
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from similarly nmiibt'red iutersections in E^ Linos traced through 
these points 3' 2" 1' and 1' 2" 3" will be straight because both 
branches are of equal diameters. 

For the development of the cylinder D in elevation, extend 
the line 3-3 as shown by F G, upon which place the stretchout of 
twice the number of spaces contained in E^, as shown by similar 
numbers 3'' to 1° to 3"^ to 1° to 3° on the stretchout line F G. 
From these points, at right angles to G F, draw lines, and 
intersect them by lines drawn parallel to the cylinder B from similar 
numbers in the joint line. Trace a line through these points in 
the development, when F G H I will be the desired shape. 

For the opening to \x^ cut into the cylinder B to receive the 
cylinder D, extend the base of the cylinder B as shown by 1^' 1^, 
upon which place the stretchout of the half circle A in plan, as 
shown by similar figun^s on the stretchout line 1^ 1^. From these 
ix)ints erect perpendiculars, which intersect by lines drawn from 
similarly numbereil intersections in elevation at right angles to the 
line of the cylinder B. Trace a line through the intersections 
thus obtained; J K L M will be the shape of the opening. 

Fig. 5 shows the intersection of two cylinders of unequal 
diameters at an angle of 45°. Make the diameters of the large and 
small cylinders 2 inches and IJ inches respectively; the height of 
the large cylinder 3 inches; and the length of the small cylinder 
measured from its shortest side in elevation, 1 inch, placed at an 
angle of 45° in the center of the cylinder B. A represents the 
plan of the large cylinder struck from the center a and shown in 
elevation by B. Draw the outline of the small cylinder C at its 
proper angle, and place the half section D in its position as 
shown; divide it into a number of equal spaces, as shown from 
lX)ints 1 to 5. Through the center a in plan, draw the horizontal 
line a 5; and with J as a center describe a duplicate of the half 
section D with the various points of intersection, as shown by D^, 
placing the points 1 and 5 on the horizontal line a 5. From the 
intersections in D^ draw horizontal lines intersecting the large 
circle A at 3 ' to 3 ' {is shown, from which points erect perpendicular 
lines; intersect them by lines drawn parallel to the lines of the 
smaller pipe from similarly numbered intersections in D. A line 
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traced through the ix)iiit8 thus obtained will represent the inter- 
section or miter joint between the two pipes. 

These same principles are applicable no matter what diameters 
the pipes have, or at what angle they are joined, or whether the 
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Fig. 5. 



pipe is placed as shown in plan or at one side of the center line. 

For the development of the small cylinder extend the line 5-1 

in elevation as shown by F E, upon which place the stretchout 
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of the circle D' in plan, or twice tlui umount of D in elevation, 
as shown by similar figures on the stretchout line F E. At right 
angles to F E and through these small figures, draw lines which 
intersect with lines drawn at right angles to the lines of the 
small cylinder from similarly numbered intersections in the 
miter line in elevation. Trace a line through the points thus 
obtained! ; E F G will be the development for the cylinder C. 

To obtain the oix^ning in the large 
cylinder extend the lines of the large 
cylinder in elevation as shown at the base 
by H J, upon which place the stretchout 
of the intersections contained in the circle 
A, being careful to transfer each space 
separately (as they are unequal) to the 
stretchout line H J. Through these points 
and at right angles to H J erect lines which 
intersect with horizontal lines drawn from 
similar points in the miter line in elevation 
A line traced through the points thus 
obtained, as shown by K L M N, will be 
the desired development. 

Fig. 6 shows the intersection between 
a quadrangular prism and sphere, the center 
of the prism to come directly over the center 
of the sphere. Make the diameter of 
the sphere 2^ inches, the sides of the 
prism IJ inches, and the height from f 
to c ' 2| inches. Draw the elevation of the 
sphere A which is struck from the center 
«, from which erect the j^erpendicular a h, Witli any point, as c, 
as a center and using the same radius as that used for A, describe the 
plan B. Through c draw the two diagonals at an angle of 45°, and 
draw the plan of the prism according to the measurements given. 
Now draw th(» elevation of the prism /'r' andy r, the sides of the 
prism intersecting the sphere at c and <• ' . From either of these points 
draw a horizontal line intersecting tlie center line a h at d. Then 
using a as a center and a d as the radius, describe tlie arc e e' 
intersecting the sides of th(» prism exttnidt^d at e and e' \ f e e' f 




Fig. 6. 
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will be the development for one of the sides of the prism. In 
practice the fonr sides are joined in one. 

Fig. 7 shows the intersection of a quadrangular prism and 
sphere when the center of the prism is placed to one side of the 
center of the sphere. Make the diameter of the sphere the same 
as in the preceding figure; through x in the plan draw the 45° 
diagonal, and make the distance from a? to A ^ inch, the sides of 
the prism 1 inch, and the height from E to <? in elevation 1^ inches. 

Having drawn the elevation and plan of 
the sphere, construct the plan of the prism 
as ^hown by A B C D. Parallel to the 
center line x y project the prism in eleva- 
tion intersecting the sphere at a and c. 
Now since the center of the sphere is on 
one of the diagonals of the prism in plan, 
either two of the sides meeting at one end 
of that diagonal, as B C and C D, will be 
alike, and both w^ill be different from the 
other two sides A B and A D, meeting at 
the opposite end of the diagonal. There- 
fore the line F ^ in elevation will be used 
in obtaining the development of D C in 
plan, while the line E c will be used in 
obtaining the development for the two 
sides D A and A B in plan. 

Now from a draw a horizontal line 
intersecting the center line a; ^ at S/ 
. and using y as a center and yhoB the 
radius, describe the arc G H intersectftig 
the sides of the prism extended to G 
and H. Then E F G H is the development for each side of the 
prism shown in plan by D C and C B. In a similar manner, from 
the intersection c in elevation draw a horizontal line intersecting 
the center line x y 3,t d. Then using y as center and y rfas radius, 
describe an arc intersecting the sides of the prism at e and/*. E 
F/e will show the development for either side of the prism shown 
in plan by D A and A B. By connecting the points G andy it 
will be found that the line is a true horizontal line, which proves 




Fig. 7. 



78 



SHEET-METAL WORK 15 

' ♦ 

the two developments. Should the plan of the prism be so placed 
on the sphere that all sides would be diflFerent, then two elevations 
would be necessary so that the intersections of all the sides could 
be shown. 

Developments by Triangulation. In developing sheet-metal 
work of irregular forms, patterns are required which cannot be 
developed by either the parallel or radial-line methods. These 
irregular shapes are so formed that although straight lines can be 
drawn ujwn them the lines would not run parallel to one another, 
nor would they all incline to a common center. In the methods 
previously described, the lines in jmrallel developments run parallel 
to one another, while in radial-line developments all the lines meet 
at a common center. Hence in the development of any irregular 
article, it becomes necessary to drop all previous methods, and 
simply proceed to measure up the surface of the irregular form, 
I>art by part, and then add one to another until the entire surface 
is developed. To accomplish this, one of the simplest 'of all 
geometrical problems is made use of and shown in Part II of 
Mechanical Drawing, Plate V, Problem 11, entitled "To construct 
a triangle having given the three sides." To carry out this method 
it is necessary only to divide the surface of the plan or elevation 
of any irregular article into a number of equal parts. Use the 
distcinces in plan as the bases of the triangles, and the distances in 
elevation as the altitudes or heights of the triangles, or vice versa; 
and then find the hypothenuse by connecting the two given lengths. 

To illustrate this simple principle Fig. 8 has been prepared. 
Let A B C D represent the plan of a plane surface, shown in 
elevation by A^ B^ We know that the true length of the plane 
is equal to A^ B^ and the true width is equal to A D or B C in plan. 
We also know that the vertical height from the bottom of the plane 
A' to the top B' is equal to B' J as shown. But suppose we want 
to obtain the true length of tlie diagonal line B D in plan on the 
developed plane. To obtain this it will be necessary only to take 
the length of B D, place it from h to D\ and draw a line as shown 
from B^ to D\ which is the length desired. 

While this may look very siniplt% it is all that there is to 
triangulation, and if the student thoroughly understands the simple 
principle and studies the problems wliich will follow, he will have 
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no trouble in applying this principle in complicated work. To 
make it still clearer we will prove the length of the line B^ D^ 
Take the distance of A^ B\ place it in plan as shown by A B^, and 
complete the rectangle A B^ C^ D. Draw the diagonal B^ D, being 
the length sought, which will be found to equal B^ D^ in elevation. 
When drawing this problem in practice, make the jJan 4 by 6 inches 
and the vertical height in elevation 5 inches. 

In obtaining developments by triangulation. the student should 
ase all of his conceptive powers as previously explained. Before 

making any drawing, he must 
see the article before him in his 
mind's eye, so to speak, before 
he can put it down on paper. 
Therefore we want to impress 
uix)n the student the necessity of 
drawing all the problems that will 
follow in this part and in the Prac- 
tical Workshop Problems. It 
should be understood that tri- 
angulation is not given as an 
alternative method, but is used 
when no other method can be 
emiJoyed, and without it no true jjatteni could be obtained for 
these irregular shapes ; hence the necessity of close study. 

In Fig. 9 is shown an irregular solic whose base and top are 
triangles crossing each other, and in which the principle just 
explained will be put to practical test Inscribe the triangles 
shown in plan in a circle whose radius is equal to « 1, or 1^ inches^ 
and make the height of the article in elevation 2 inches. The 
dotted triangles 1 2 3 in plan represent the section of the article on 
the line 2-3 in elevation: and the solid triangle 1^ 2^ 3^ in plan, the 
section on the line 2^ 3^ in elevation. Now connect the two sections 
in plan by drawing lines from 1 to 2^ and to 3^ from 2 to 2^ and to 
1^, and from 3 to 1^ and to 3^. In a similar manner connect the 
points in elevation as shown. It now becomes necessary to obtain 
a triangle giving the tnie length of the lines connecting the 
eorm^rs of the triangle in plan, and as all of these lines are equal 
only one triangle is necessary, Therefore take the distance from 
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1 to 2^ in plan and place it on the line 3-2 extended in elevation, 
as shown from 2 to 1°, and draw a line from 1° to 2^, which is the 
desired length. 

For the pattern, proceed as is shown in Fig. 10. Take the 
distance of any one of the sides in the triangle, as 1-2 in Fig. 9. 
and place it on the horizontal line 3} ELEVATION 
1-2 in Fig. 10. Then using 1 and 

2 as centers, with 1° 2Mn elevation 
in Fig. 9 as radius, describe the 
arcs in Fig. 10 intersecting each 
other in 2\ Then 12 2^ will be 
the pattern for one of the sides 
shown in plan in Fig. 9 by 1 2 2^. 
Proceed in this manner in Fig. 10 
as shown by the small arcs; or a 
tracing may be taken of the one 
side 1 2 2\ and traced as shown 
until six sides are obtained, which 
will be the full pattern and which 
is numbered to correspond to the 
numbers in plan. 

In Figs. 11, 12, and 13 are shown the methods used in develop- 
ing a scalene cone. The method of obtaining the development of 
any scalene cone, even though its base is a perfect circle, is governed 
by the same principle as employed in the last problem on triangu- 




Fig. 9. 




Fig. 10. 

lation It is well to remember that any section of a scalene cone 
drawn parallel to its base will have the same sh a 1x3 (differing of 
course in size) as the base. This is equally true of articles whose 
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bases are in the 8haix3 of a square, rectangle, hexagon, octagon, or 
any other polygon. What has just been explained will be proven 
in connection with Fig. 11, in which ABC represents a side 
elevation of a scalene cone, whose plan is shown by 1 4^ 7 4 C^ 
Draw any horizontal line, as A D, on which set off the distances 
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A B equal to 3 inches and B D equal to 2| inches, and the 
vertical height D C equal to 4| inches. Draw lines from B and 
A to C, which completes the elcviition. In its pro^xT iK)sition 
below the line A B, draw the plan of A B as 1 4 7 4^ struck from 
the center C. Through C draw the horizontal line C C\ and 
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intersect it by a vertical line drawn from the apex C in elevation, 
thns obtaining the apex C^ in plan. Draw lines from 4 and 4^ to C^, 
which completes the plan. 

As both halves of the scalene cone are symmetrical, it is 
necessary only to divide the half plan 14 7 into a number of equal 
si)ac^s as shown by the small figures 1 to 7, and from points 
thus obtained draw radial lines to the apex C^ Then these lines 
in plan will represent the bases of triangles which will be con- 
structed, whose altitudes are all equal to D C in elevation. There- 
fore in Fig. 12 draw any horizontal line, as A B, and from any 
point, as C, erect the perpen- 
dictdar line C C^ equal in 
height to D C in Fig. 11. 
Now from C^ in plan take the 
various lengths of the lines 1 
to 7 and place them on tlio 
line A B in Fig. 12, nieasur- 7; 
ing in every instance from 
the point C, thus obtaining 
the intersections 1 to 7, from 
which lines ar6 drawn to the 
apex C^. Then these lines will 
Fepresent the true lengths of 
similarly numbered lines in ^ 

plan in Fig. 11. Fig. la 

For the pattern proceed as is shown in Fig. 13. With C los 
center and radii equal to C^ 7, 6, 5, 4, etc., in Fig. 12, describe the 
arcs 7-7, &-6, 5-5, 4-4, etc., in Fig. 13 as shown. Now assuming 
that the seam is to come on the short side of the cone, as C B in 
Fig. 11, set the dividers equal to • one of the equal spaces in 
the plan; and starting on the arc 7-7 in Fig. 13, step from arc 7 to 
arc 6, to arcs 5, 4, 3, 2, and 1, and then continue to arcs 2, 3, etc., 
up to 7. Trace a line through these intersections as shown by 
7-1-7, and draw lines from 7 and 7 to C, which completes the 
pattern. 

Now to prove that any section of an oblique or scalene cone 
cut parallel to its base, has a similar shapt3 to its base (differing in 
size), draw any line as a h in Fig. 11 parallel to A B. From C in 
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plan erect a vertical line intersecting the base line A B at d^ from 
which draw a line to the apex C, cutting the line a 1) hi e. Then 
the distances e a and e i will be equal; and using e as a center and 
e i as radius, describe the circle a fb i, which is the true section 

on a b. Then a i B A 
will be the frustum of 
a scalene cone. Extend 
the line a b parallel to 
A D, cutting the diagram 
of triangles in Fig. 12 
from a to b. Then with 
radii equal to the dis- 
tances from C^ to the 
various intersections on 
the line a J, and using 
C in Fig. 13 as center, 
intersect similarly num- 
bered radial lines drawn 
from 7 to 1 to 7 to the 
apex C. A line traced 
as shown from 7 ' to 1 ' 
to 7 ' will be the desired 
cut, and 7-7-7 '-7' will 
be the pattern for thc^ 
isj frustum. The practical 
use of this method is 
shown in diagram V in 
Fig. 11; «' is the frus- 
tum of the oblique cone, 
on the ends of which are 
connected round pipes 
Fig. 14. b ' and c ' . 

It is shown in Fig. 14 how in an irregular solid whose base is 
square and top is round, both top and bottom on horizontal planes 
are developed. The comers in plan FBG, GCH, HDE and 
E A F should be considered as sections of scalene cones. Proceed 
by drawing the plan A B C D 3| inches sijuare, which represents the 
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plcOi of the biise of the article; and the circle E F G H 2^ inches 
in diameter, which shows the plan of the top of the article; the 
vertical height to be 3 inches, shown from a to 5. As the circle is in 
the center of the sqnare, making the four comers symmetrical, it is 
necessary only to divide the one-qnarter circle into a number of 
equal parts as shown by the small figures 1, 2, 2, 3, from which draw 
lines to the apex B. Complete the elevation as showri by IJ K L. 
Now using B as center, and radii equal to B 1 and B 2 in plan, 
describe arcs intersecting A B at 1' and 2' as shown. From these 
points erect peri)endiculars intersecting the top of the article I J 




in elevation at 1" and 2", from which draw lines to K. Then K 1" 
and K 2* will be the true lengths of the lines shown in plan by 
B 1 and B 2 respectively on the finished article. 

For the half pattern proceed as follows: In Fig. 15 draw any 
horizontal line, as A B, equal in length to A B in plan in Fig. 14. 
Now with K 1" as radius and A and B in Fig. 15 as centers, describe 
arcs intersecting each other at 1 From 1 drop a vertical line 
intersecting A B at K. Then 1 K should tHj[ual J K in el(*vation 
in Fig. 14, which represents the true length through Gr N in plan. 
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Now with radii equal to K 1' and K 2' in elevation, and with B in 
Fig. 15 as center, describe the arcs 1-1' and 2-2'. Now set the 
dividers equal to one of the spaces in G F in plan in Fig. 14; and 
starting at 1 in Fig. 15, step off arcs having similar numbers as 
shown by 1, 2, 2', 1 '. Now using 1 B as radius, and 1' as center, 
describe the arc B C, and intersect it by an arc struck from B as 
center and with B A as radius, as shown at C. Take a tracing of 1 
B 1' and place it as shown by 1' CI". Now connect the various 
intersections by drawing lines from 1 to A toBtoCto 
1' tol' to 1, which completes the half pattern. The triangu- 
lar pieces 1 A B or 1 ' B C will represent the flat sides of the 
article shown in plan by 1 A B or 3 B C respectively in Fig. 14; 
and the cone patterns 1-1' B and I'-l* C in Fig. 15, the sections of 
the scalene cones 1-3-B and H-G-C respectively in plan in Fig. 14. 
This same rule is applicable whether the top opening of the article 
is placed exactly in the center of the base or at one side or comer. 
Various problems of this nature will arise in Practical Workshop) 
Problems; and if the principles of this last problem are thoroughly 
understood, these will be easily mastered. 

Approximate Developments. In developing the blanks or 
patterns for sheet-metal work which requires that the metal be 
hammered or raised by hand, or passed between male and female 
dies in foot or power presses, circular rolls, or hammering machines, 
the blanks or patterns are developed by the approximate method, 
because no accurate pattern can be obtained. In all raised or 
pressed work in sheet metal, more depends upon the skill that the 
workman has with the hammer, than on the jxit terns, which are but 
ax^proximate at their best. While this is true, it is equally true 
that if the workman understands the scientific rule for obtaining 
these approximate patterns a vast amount of time and labor can be 
saved in bringing the metal to its jjroper profile. If the true rule 
for averaging the various shapes and profiles in circular work is not 
understood, the result is that the blank has either too little or too 
great a flare and will not form to its proper profile and curve. 
Before proceeding to describe the approximate^ development 
methods, att(»ntion is called to the governing principle underlying 
all such oix»rations. Wo have ijreviously shown how the i)iittenis 
are develo|x*d for sinii)le flaring ware; in other words, how to 
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develop the frustum of a cone. The patterns for curved or any 
other form of circular or hammered work are produced upon the 
same principle. The first illustration of that principle is shown in 
Fig. 16, in which A B C D represents a sphere 3 inches in diameter 
composed of six horizontal sections, struck from the center a. 




Fig. 16. 

Divide the quarter circle A C into as many parts as there are 
sections required in the half sphere (in this case three), and draw 
horizontal lines through the ball as shown. The various radii for 
the patterns are then obtained by drawing lines through C J, J c, 
and A. Thus h extended meets the center line E D at ^, which 
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is the center for striking the blank for number 3, using the radii 
e b and e C. In similar manner draw a line from h to c, extending 
it until it meets E D at rf. Then d c and d h will be the radii for 
blank numb<;r 2, while A cm the radius for blank 1 shown at S 
The lengths of the pattern pieces are determined in the same 
manner as would be the case with an ordinary flaring pan in 
producing the patt«ni8 for tin ware, and will be explained 




PLAN 



Fig. 17. 



thoroughly in the Practical Workshop Problems which will 
shortly follow. 

In Fig. n is shown anotluT elevation of a sphere composed of 
twelve vertical sections as shown in plan view. While the method 
us<h1 for olttuiiiiiig the pattern is by means of piirallel lines, and 
would be strictly accurate if the stations in plan rematiifil straight 
dS from 4 to 4, the pjitti'rn becouu's ai>proximate as soon as we start 
to raise it by means of machine or hjiumier to conform to the profile 
B in elevation, because i\v; distance along the cur\'e cr froni4' to 4' 
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in plan is greater than a straight distance from 4 to 4. The pattern 
by this method is obtained as follows : Let B represent the elevation 
of the sphere, and A the plan of the same, which is divided into as 
many sides as the sphere is to have vertical sections, in this case 
12, being careful that the two opposite sides 4-4 and 4' 4' in plan 
mn parallel to the center line as shown. Make the diameter of the 

,p sphere 4-4* 3 inches. 

Divide the half ele- 
vation into an equal 
► number of spaces as 
shown from 1 to 4 to 
1, and from these 
points drop lines at 
right angles to 4-4' 
intersecting the mi- 
ter lines 1-4 in plan 
as shown. Now draw 
any horizontal line, 
as 1 '-1 ',upon which 
place the stretchout 
of 1-4-1 in elevation 
as shown by 1'^'- 
r onthelinel'-l' 
inC. Through these 
points draw lines at 
right angles to 1'- 
1', which intersect 
by lines drawn from 
similarly numbered 
intersections on the 
Fig. 18. miter lines 1-4 in 

])lan, at right angles to 4-4. A line traced through points thus 
obtained as shown by C will be the desired pattern. 

In Fig. 18 is shown the principle used in obtaining the radii 
with which to develop the blank for a curved or circular mould 
when it is to be hammered by hand. In this connection, only the 
principle employed will be shown, leaving the full development and 
also the development for patterns which are to be raised by hand 
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and hammered by machine, to be explained in problems which will 
follow in Practical Workshop Problems. Draw this problem double 
the size shown. First draw the elevation A B O D, and through 
the elevation draw the center line F G. Then using G as a center, 
draw the circles A^ B^ and C^ D^ representing respectively the 
horizontal projections of A B and C D in elevation. Now draw a 
line from A to E in elevation, connecting the comers of the cove 
as shown. Bisect A E and obtain the point H, from which at right 
angles to A E draw a line intersecting the cove at J. Through J 
parallel to A E draw a line intersecting tlie center line F G at M. 
Take the stretchout from J to A and from J to E and place it on 
the line J M as shown respectively from J to L and from J to K. 
Then will M L and M K be the radii with which to strike the 
pattern or blank for the cove. From J drop a vertical line intersect- 
ing the line ]y G in plan at N. Then with G as center strike the 
.quarter circle N O. Now using M as center and M J as radius, 
strike the arc J P. Then on this arc, starting from J, lay oflF 4 times 
the stretchout of N O in plan for the full pattern. It should be 
understood that when stretching the cove A E, the point J remains 
stationary and the metal from J to L and from J to K is hammered 
respectively toward J A and J E. For this reason is the stretchout 
obtained from the point J. 

PRACTICAL WORKSHOP PROBLEMS. 

In presenting the 32 problems which follow on sheet-metal 
work, practical problems have been selected such as would arise in 
every-day shop practice. 

In this connection we wish to im- 
press uix)n the student the necessity of 
working out each and every one of the 
32 problems. Models should be "made 
from stiff cardboard, or, if agreeable to 
the proprietor of the shop, the patterns 
can be developed at home, then cut out 
of scrap metal in the shop during 
lunch hour, and proven in this way. 

Our first problem is shown in Fig. 19, and is known as a sink 
drainer. It is often the case that the trap under the kitchen sink 




Fig. 19. 
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is choked or blocked, owing to a collection of refuse matter. To 
avoid this a sink drainer is used, and is fastened in position through 
the wire loops a, h and c. The refuse matter is poured into the 
drainer, from which it is easily removed after the fluid has passed 
through the perforations. These drainers may be made of tin or of 
black or galvanized iron, but where a good job is wanted lo-ounce 
copper should be used. To obtain the pattern for any sized drainer, 

F. : ,2 proceed as follows: First draw the 

plan of the drainer A B in Fig. 20, 
making A B and B C each two inches 
and forming a right angle. Then 
using B as center and A B as radius, 
draw tlie arc A C. In its proper posi- 
tion above the plan construct the side 
elevation, making E D 2 inches high, 
and draw the line P D. Then will 
F E D be the side elevation. Divide 
the arc A C into equal spaces as shown 
by the small figures 1 to 5. For the 
pattern use F D as radius, and with 
^ D in Fig. 21 as center strike the arc 
1 5. From 1 draw a line to D and 
step off on 1-5 the same number of 
spaces as contained in A in plan in 
Fig. 20, as shown by similar figures 
in Fig. 21. Draw a line from 5 to D. 
Then will 1-5-D be the pattern for 
the front of the strainer, in which per- 
forations should be punched iis shown. 
Fig. 20. To join the sides of this pattern, 

use 1 and 5 as centers, and with either F E or A B in Fig. 20 as 
radius, describe the arcs E and E^ in Fig. 21. Now using D as 
center and D E in Fig. 20 as radius, intersect the arcs E and E^ as 
shown in Fig. 21. Draw lines from 1 to E^ to D to E to 5, which 
completes the pattern, to which edges must be allowed for wiring 
at the top and seaming at the back. 

When joining a faucet or stop cock to a sheet-metal tank it is 
usual to strengthen the joint by means of a conical "boss," which 
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is iudicated by A in Fig. 22. In this problem the coue method is 
employed, using principles similar to those used in developing a 
frustum of a cone intersected by any line. Therefore in Fig. 23 let 



E.,--^ 




Fig. 21. 
A B represent thcs jjart i»lun of the tiink, C portion of the faucet 
extending back to the tank line, and F G H I the conical "boss" 
to fit around a faucet. When 
drawing this problem make the 
radius of the tank D A equal 
to 3J inches, and from D dfaw 
the vertical line D E. Make 
the distance from G to H equal 
to 22 inches, the diametcrof the 
fuwcct F I IJ inches and the 
vertical height K C 1^ inches 
Draw a line from G to H inter- 
secting tlie center line D E at K. 
Then using K jiH center describe 
the lialf section G J H as 
shown. Divide J H into equal 
parts shown from 1 to 4, from '^' ' 

which drop vertical lines intersecting the line G- H as shown, 
from which draw radial lines to the apex E cutting the plan line 
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of the tank A B as shown. Prom these intersections draw hori- 
zontal lines intersecting the side of the cone H I at 1, 2 ' , 3 ' , and 4 ' . 
Now use E as center, and with radius equal to E 1 describe the 



/ ! 




arc 1°-1* as shown. Draw a line from 1° to E, and starting from 
1° set off on 1°-1^ four times the number of spaces contjiined iu 
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J H in plan, as shown by cimilar nnmbers on 1° 1*. Draw a line 
from 1* to E, find with E I as mditis describe the arc N L inter- 
secting the radial lines 1° E and 1' E at N and L resix-ftively. 
From the various numbers on the arc 1° 1" draw radial lines to 
the apex E; and using E as center and with radii equal to E 4', 
E 3', and E 2', draw arra intersecting similarly numbered radial 
lines as shown. Trace a line through ixjinta thus obtained; then 
will N 1° 1 1*^ L be the pattern for the "boss," 

In Fig. 24 is shown what is known as a hip bath. In drawing 
out the problem for practice the student should remember that it is 
similar to the preceding one, the only difference being in the outline 
of the cone. Make the top of the cone I B in Fig. 25 e<iual to 3J 
inches, the bottom C D 1| inches, the verticjd height from K to 5 ' 
2J inches, the diameter of the foot E F 2J inches, and the vertical 
height 5'-5' J-inch, Through the center of the cone draw the 
cfioter line K L, and at pleasure 
draw the outline of the bath as 
showii by A J B, It is imma- 
terial of what outline this may be, 
the principles thjit follow being 
applicable to any case. Thus, in 
the side elevation, extend the 
lines B C and A D until they 
intersect the center line at L. In 
Fig. 21. similar manner extend the sides 

of the toot piece E D and F C mitil tliey intersect the center 
line at R. Now with 5' as center and with radius equal to 5' D 
or 5' C, describe the half section C H D, which divide into equal 
spaces as shown by the small figures 1 to 9. From the points of 
division erect vertical lines meeting the base line of the bath D C 
at iK>intB 1, 2', 3', etc., to 9. From the aites L and through these 
iwints draw r.'idial lines intersecting the outline B J A, from which 
horizontal lines are drawn intersecting the side of the bath B C 
as shown from 1 to 9. For the i>atteni for the body nsc^ L as center, 
and with L C as radius draw' the arc F L^. Now starting at any 
ixjint, as 1, set off on F L' twici; the stretchout of D H C as shown 
by similar numbers on the arc F L*. From the ajx-x L and through 
the small figiires draw radial lines, which intersect by arcs 
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struck from L as center with radii equal to similarly numbered 
intersections on B C. Trace a line through points thus obtained, 
and L^ M N P P will be the pattern for the body of the bath, 
to which laps should be added at the bottom and sides for seaming. 
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Fig. 25. 

The piittem for the foot is obtained by using as radii R D and 
R E, and striking the ijattem using R^ as ct'uter, the half pattern 
being shown by E^ T E^ D^ D^ and the distance D^ D^ being equal 
to the stretchout of the half section D H in side elevation. 
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It is usual to put a bead along the edges of the top of a bath as 
shown at a and b in Fig. 24. For this purpose tubing is sometimes 
used, made of brass, zinc, or copi^er and bent to the required shape; 
or zinc tubes may be rolled and soldered by h»nd, filled with 
heated white sand or hot rosin, and bent as needed. The tube or 
bead can be soldered to the body as shown in (A) in Fig. 25. Here 
a represents the bead, in which a slot is cut as c?, and which is then 
slipped over the edge of the bath and soldered. Another method 
is shown in (B), in which the bath body b is flanged over the bead 
a ajid soldered clean and smooth at c, being then scraped and 
sandpapered to make a smooth joint. A wired edge is shown at c 

in Fig. 24, for which laps must be allowed as shown in Fig. 25 on 
the half i^atteni for foot. 

In Fig. 26 is shown the pers^xictive view of a bath tub; these 
tubs are usually made from IX tin or No. 24 galvanized iron. The 
bottom and side seams are locked and thoroughly soldered, while 

the top edge is wired with handles 
riveted in position as shown 
at A. The method used in de- 
veloping these patterns will be 
the cone method and triangula- 
Pig. 26. tion. In drawing this problem 

for practice (Fig. 27), first draw the center line W 8 in plan ; and using 
a as center with a radius equal to li inches draw the semicircle 
C-12 D. Now make the distance a to b A inches; and using b as 
center with a nidius of 1| inches draw the semicircle E-7-H. 
Draw lines from E to D and from C to H. D E 7 H C12 D will 
be the plan of the bottom of the bath. In this case we assume 
that the flare between the top and bottom of the narrow end of the 
bath should be equal; therefore using a as center and with a radius 
equal to 1| inches draw the semicircle A W B. At the upper end 
of the bath the flare will be imequal; therefore from b measure a 
distance on line W 8 of 1 inch and obtain c, which use as center, 
and with a radius equal to 2 inches describe the arc F 8 G. Draw 
lines from F to A and from B to G; and A F 8 G B W A will be 
the ijlan of the top of the bath. Now project the side elevation 
from the i^lan as shown by the dotted lines, making the slant 
height from I to R 2J inches and from J to K 3^ inches; draw a line 
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from K to R, and J K R I will be the side elevation of the bath tub. 
In constructing the bath In practice, seams are located at H G, F E, 




r? \ N^ \ \ \ V 



PATTERN 
FOR A-frOO 
IN PLAN 






1 I 
I 
1 1 


4 

S 

a' 

T 


^--^^ 


1 1 
1 1 
1 ] 

! 




' 1 

li 
1 


■;'' ^ 


""--^^ 



Fig, 27. 
A D, and C B in p!an, thna making the tub in four pieces 
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The lower end of the bath will be developed by the cone 
method as in the last two problems. From the center a drop a line 
indefinitely as shown. Extend the side R I of the side elevation 
until it meets the center line a d at cL Now divide the quarter 
circle 12-9 in x)lan into equal sj_>aces as shown by the small figures 
9, 10, 11, and 12, from which drop vertical lines (not shown) 
intersecting the bottom of the bath tub in elevation from 9' to 12'. 
Then through these points from d draw lines intersecting the top 
line of the bath R K as shown, from whicli draw liorizontid lines 
intersecting the side I-R extended as I X at points 9" to 12". 
Then using d as center and d I as radius, describe the arc I M, 
upon which place the stretchout of D 12 C in plan, as shown 
by similarly uumbereil ix)ints on L M. Through these jwints from 
d draw radial lines, which intersect by arcs drawn from similarly 
numbered intersections on I R extend(»d, using d as c^^iter. Tnice 
a line as shown, and L M N P will be the imttem for the lower 
end of the tub ABCD in plan. Laps should be alkwed for 
wiring and seaming. 

As the patterns for the upi)er end and sides will be develoj)ed 
by triangulation, diagrams of triangles must first be obtained, for 
which proceed as follows: Divide both of the quarter circles H 7 
and G 8 in plan into the same number of spaces as shown res^x^c- 
tively from 1 to 7 and from 2 to 8. Connect these numbers by 
dotted lines as shown from 1 to 2, 2 to 3, 3 to 4, etc. From the 
various points 2, 4, 6, and 8 representing the top of the bath, droi) 
lines meeting the base line if in elevation at 2*^, 4=^, 6^ and 8^, 
and cutting the top line of the bath at 2', 4', 6', and 8'. Then 
will the dotted lines in plan represent the bases of the triangles, 
which will be constructed, whose altitudes are equal to the various 
heights in elevation. Take the various distances 1 to 2, 2 to 3, 
3 to 4, 4 to 5, etc., in plan up to 8, and place them on the vertical 
line l'-8' in (B) as shown from 1' to 2% 2' to 3% 3'' to 4', 4" to 5', 
etc., up to 8". For example, to obtain the true length of the line 
6-7 in plan, remembering that the points having even numbers 
represent the top line of the bath and those having imeven 
numbers the base line, draw at right angles to l''-8' in (B), from 
6'^ a line equal in height to GMi' in elevation, and draw a line 
from G' to 7' in (B), which is the lengtli desired. For the true 
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length of 6-5 in plan it is necessary only to take this distance 
place it from 6' to 5" in (B) and draw a line from 6^ to 5\ In this 
way each altitude answers for two triangles. In plan draw a line 
from 1 to 0. Then will two more triangles be necessary, one on the 
line 1-0, and the other on B G or 0-2. From 2 ' in elevation draw 
a horizontal line, as 2' ^, intersecting the vertical line dropped 
from at e. Now take the distances 1 and 2, and place them 
in (A) as shown by the horizontal lines O"-!" and (>-2^ resi^ectively. 
At right angles to both lines at either end draw the vertical lines 
O'-O'" and OM)^' equal in height respectively to OO' and <? 0' 
in elevation. Draw in (A) lines from 2* to 0^'and from 1" to 0'", 
which are the desired lengths. Before proceeding with the pattern, 
a true section must be obtained on 2 '-8' in side elevation. Take 
the various distances 2' to 8' and place them, on the line 2 '-8' in 
Fig. 28. At right angles to 2 '-8' 
and through the small figures draw 
lines as shown. Now measuring in 
each and every instance from the 
center line in jJan in Fig. 27, take the 

various distances to points 2, 4, and 2' ^ 

and place them on similarly num- Fig. 28. 

bered lines in Fig. 28, measuring in each case on either side of the 
line 2 '-8', thus obtaining the intersections 2-4-6. A line traced 
through these points will be the true section on 2 '-8' in elevation 
in Fig. 27. 

For the i>attem for the upper end of the tub i)roceed as follows : 
Take the distance of 7 '-8^ in (B) and place it on the vertical line 
7-8 in Fig. 29. Then using 8 as center and with a radius equal 
to 8 '-6 in Fig. 28, describe the arc 6 in Fig. 29, which intersect by 
an arc struck from 7 as center and with 7 "-6^' in (B) in Fig. 27 
as radius. Then using 7-5 in plan as radius, and 7 in Fig. 29 as 
center, describe the arc 5, which intersect by an arc struck from 6 
as center and with 6^-5'' in (B) in Fig. 27 as radius. Proceed in 
this manner, using alternately as radii first the divisions in Fig. 28, 
then the length of the slant lines in (B) in Fig. 27, the divisions 
on 7 H in plan, then again the slant lines in B, imtil the line 1-2 
in Fig. 29 is obtained. Tracx^. a line through ix)ints thus obtained, 
as shown by 2-8-7-1. Tnicc this opix)site the line 8-7, as shown 
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by 2' 1'. Then will 2-8-2'-l'-7-l be the desired pattern, to 
which lai)s must be allowed. 

For the pattern for the side of the bath draw any line 9-1 in 
Fig. 30 equal to 9-1 in plan in Fig. 27. Now with a radius equal 




Fip. 29. 

to 9-P in the pattern X and with 9 in Fig. 30 as a center, describe 
the arc 0, which intersect by an arc struck from 1 as center and 
with I'-O'" in (A) in Fig. 27 as radius. Now taking a radius equal 
to 0^-2* in (A) with in Fig. 30 as center, describe the arc 2, which 

intersect by an arc 

f>if ^ " // struck from 1 jis center, 

and with 1-2 in Fig. 29 
as radius. Draw lines 
from comer to comer in 
Fig. 30, which gives 
the desired pattern, to 

^_ ^/ which laps are added 

Pig. 30. for seaming and wiring. 

In Fig. 31 is shown a i^erspective view of a funnel strainer 
pail. These pails are usually made from IX bright tin, and the 
same principles as are used in the development of the pattern are 
applicable to similar forms, such as buckets, coal hods, chutes, etc. 
This problem presents an interesting study in triangulation, the 
principles of which have bi^eii explaint^l in previous problems. 
First draw the center line C I in Fig. 32, at right angles to which 




100 



SHEET-METAL WORK 



37 



draw H E and H F each etpal to IJ inches. Make the vertical 
height H C 34 inches and C D 2 inches. Now make the vertical 
heights measuring from C G, to A, and to B respectively IJ 
inches, and 1^ inches. Make the horizontal distance from C to G 
2J inches, the diameter from G to A If inches, and from A to B 
|-inch, and draw a line from B to C Connect points by lines; 
then will ABCDEFGbe the side elevation of the x^ail. In its 
prox)er position below F E, with J as center, draw the plan K L M N. 
Also in its proper position draw the section on A G as O P R S. 
Now draw the rear elevation making G^ U and G^ V each equal to 
H E, and 1" T and l''-!' each equal to C D. Project a line from 
B in side, intersecting the center line in rear at 4 ' . Then through 
the three points 1' 4' T draw the curve at pleasure, which in this 
case is struck from the center a, W Y X Z represents the oxxjning 
on G A in side obtained as shown by the dotted lines but having 
no bearing on the patterns. Pails 
of this kind are usually made 
from two pieces, with seams at 
the sides, as in Fig. 31. The 
Xmttem then for the back shown 
by C D E H in side elevation in^ 
Fig. 32 will be obtained by the 
cone method, struck from the 
centi^r I, th(^ stretchout on E^ E^ 
in the pittem being obtained 
from the half plan. The imtteni 
for C D E H is shown with lap Fig. 31. 

and wire allowances by D^ D^ E^ E^ and needs no further explanation. 
The front part of the pail shown by A B C H F G will be 
developed by triangulation, but before this can be done a true 
section must be obtained on B C, and a set of sections develo^x^d 
as follows: Divide one-half of 1' 4' T in rear elevation into equal 
parts as shown from 1 ' to 4 ' , from which draw horizontal lines 
intersecting the line B C as shown. From these intersections 
lines are drawn at right angles to B C equal in length to similarly 
numbered lines in rear as 3'-3'', 2'-2'', and I'-l''. Trace a line 
as shown, so that C 1'" 2'" 3'" 4'" will be the true half section 
on B C. To avoid a confusion of lines take a tracing of A B C H F G 
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and place it as shown by similar letters in Fig. 33. Now take 
tracings of the half sections in Fig. 32, as H E D C, C 1'" B, 
P O S, and the quarter plan N J M, and place them in Fig. 33 on 
similar lines on which they represent sections as shown respectively 
by H 9' 8' C, C 8 B, A 3 G, and F 9 H. Divide the half section 




A 3 G into 6 •qnal parts as shown by the small figures 1 to 6. 
As this half section is divided into 6 parts, then must each of the 
sections B 8 C and F 9 H be divided into 3 i>art3 as shown respec- 
tively from 6 to 8 and 9 to 11. As C 8' and H 9' are equal 
respectively to C 8 and H 9 they are uuinbcnHl the same [is shown. 



> 
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Now at right angles to G A, B C, C H, and H F, and from the 
various intersections contained in the sections G 3 A, B 8 0, 
C 8' 9' H, and H 9 F, draw lines intersecting the base lines of the 
sections G A, B C, C H, and H F at points shown from 1 ' to 11'. 
Now draw dotted lines from B to 5' to 6' to 4' to 7' to E to C, 
and then from H to E to 10' to 2', etc until all the points are 





-Ji 



Fig. a3. 



connected as shown. These dotted lines represent the bases of the 
sections whose altitudes are equal to similar numbers in the various 
sections. 

In order that the student may thoroughly understand this 
method of triangulation as well as similar methods that will follow 
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in other problems, the model in Pig, 34 has bi^en prepared, which 
ehowB a perspective of Fig, 33 with the sections beiit np in their 
proper positions. This view is taken on the arrow line in Fig, 33, 
the letters and fignres in both views being similar. For the true 
sections on the dotte<l lines in C E A B in Fig. 33, take the lengths 
of the dotted lines C E, E 1', 7' 4', etc., and place them on the 
horizontal line in Fig. 35 as shown by similar letters and fignres. 
From these small fignres, at right emgles to the horizontal line, 
erect the vertical heights 8, E 3, T 7, etc., equal to similar 




Pig- 34. 

vortical hoights in the sections in Fig. 33. Connect these points 
in Fig. 35 by dotted lines as shown, which are the desired true 
distances. 

In Pig. 3fi arc shown the tme sections on dotuKl lines in 
G E H F in Fig, 33, which arc obtain<'d in precisely the same 
manner, the only difference being that one section is placed inside 
of another in Fig. 36. For tlio pattern procei'd as is shown in 
Fig. 37. Draw any vertical line as G F eqnal to G F in Fig. 33. 
With radius equal to G 1 and with G in Fig. 37 as center describe 
the arc 1, which intersect by an arc struck from F as center and 
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with a radius equal to F 1 in Fig. 36. Now with F 11 in Fig. 33 as 
radius and F in Fig. 37 as center, describe the arc 11, which is 
intersected by an arc struck from 1 as center and with 1-11 in 
Fig 36 as radius. Proceed in this manner until the line 3-9 
in Fig. 37 has been obtained. Then using 8 '-9' in Fig. 33 as 
radius and 9 in Fig. 37 as center, describe the arc 8, which is 
intersected by an arc struck from 3 as center and with 3-8 in Fig. 
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Fig. 35. 
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35 as radius. Now use alternately as radii, first the divisions in 
B 8 C in Fig. 33, then the length of the slant lines in Fig. 35, 
the divisions in E 3 A in Fig. 33, and again the distances in 
Fig. 35, until the line B A in Fig. 37 has been obtained, which is 
obtained from B A in Fig. 33. Trace a line through points thus 
obtained in Fig. 37 as shown by A B 8 9 F G A. Trace this 
half pattern opposite the line Qt F. Then will B A G A^ B^ 8^ 
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9* F 9 8 be the pattern for the front half of the pail. If for 
any reason the pattern is desired in one piece, then trace one- 
half of D^ D2 E2 EMn Fig. 32 on either side of the pattern in 
Fig. 37 as shown by the dotted lines 8' D^ E^ 9^ and 9 E D 8. 
Allow edges for wiring and seaming. 

Fig 38 shows the method for obtaining the pattern for an 
Emerson ventilator shown in Fig. 39. 
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While the regular Emerson ventilator has a flat disc for a 
hood it is improved by placing a cone and deflector on the top 
as shown. To make the patterns, proceed as shown in Fig. 38. 
First draw the center line a J, on either side of which lay oflP 
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1^ ioches, making the pipe A, 3 inches in diiinieter. Thu mle 
usually employed is to make the diamettr of the lower flare and 
upper hood twice the diameter of the pipe Therefore make the 
diameter oi s d G inches. From s and 
rf, draw a line at an angle of ii)" to inter- 
sect the line of the pipe at / and i; this 
completes B. Measure 2 inches above 
the line ( i and make w m the same 
diameter as s d. Draw the bevel of the 
deflector so that the apex will be J inch 
above the line t i and make the apex 
of the hood the same distance above u m 
as the lower apex is below it. Then draw 
lines as shown which complete C and D. ^^S ^ 

Now with c as a center and radii equal to c e and e d draw the 
quarter circles ef and d h respectively, which represent the one- 





HALF PATTERN 
FOR 
HOOD AND DEFLECTOR 




quarter pattern for the horizontal ring closing the bottom of the 
lower flare. For the pattern for the hood, use ^ as a center and 
/ m as a radius. Now draw the arc mm'. Take the stretchout 
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of the quarter circle 1 to 6 on d h^ and place twice this amoiuit 
on mrn' as shown from 1-6-1. Draw a line from 1 to Z. Then 
m' G m l^ will be the half pattern for the hood. As the deflector 
has the same bevel as the hood, the hood pattern will also answer 
for the deflector. 

When seaming the hood and deflector together as shown at 
/I, the hood o is double-seamed to the deflector at r, which allows 
Tiie water to pass over; for this reason allow a double edge on 
the pattern for the hood as shown, while on the deflector but a 
single edge is required. Edges should also be allowed on e d Tif, 

For the pattern for the lower flare, extend the line d i until it 
intersects the center line at^. Then with radii equal toj i andj d 
and with j in Fig. 40 as center describe the arcs i V and<?rf'. 
On one side as d draw a line to J. Then set oflf on the arc d d' 





Fig. 41. 



Fig. 42. 



twice the number of spaces contained in t^ A in Fig. 38 as shown 
in Fig. 40. Draw a line from rf' to i and allow edges for seaming 
Then dd' i' i will be the half pattern for the lower flare. 

The braces or supports. E and F, Fig. 38, are usually made of 
galvanized band iron bolted or riveted to hood and pipe. The 
hood D must be water tight, or the water will leak into the deflector, 
from which it will drip from the apex inside the building. 

Elbows. There is no other article in the sheet-metal worker's 
line, of which there are more made in practice than elbows. On this 
account rules will be given for constructing the rise of the miter 
line in elbows of any size or diameter, also for elbows whose 
sections are either oval, square or round, including tapering elbows 
Before taking up the method of obtaining the patterns, the rule 
will be given for obtaining the rise of the miter line for any size 
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or number of i)ieces. No matter how many pieces an elbow has, 
they join together and form an angle of 90°. Thus when we speak 
of a two-i)ieced, three-pieced, four, five or six-pieced elbow, we 
understand that the right-angled elbow is made up of that number 
of pieces. Thus in Fig. 41 is shown a two-pieced elbow placed in 
the quadrant C B, which equals 90° and makes C A B a right 
angle. From A draw the miter line A a at an angle of 45 ** to the 
base line A B. Then parallel to A B and A C and tangent to the 
quadrant at C and B draw lines to intersect the miter line, as 
shown. Knowing the diameter of the pipe as C D or E B draw 
lines x^arallel to the arms of the pipe, as shown. Then C B E D 
will be a two-pieced elbow, whose miter line is an angle of 45°. 

In a similar manner draw the quadrant B C, Fig. 42, in which 
it is desired to draw a three-pieced elbow. Now follow this simple 





Fig. 43. 



Fig. 44. 



rule, which is applicable for any number of pieces: Let the top 
piece of the elbow represent 1, also the lower piece 1, and for every 
piece lx»tw(*en the top and bottom add 2. Thus in a three-pieced 
elbow : 



Top piece equals 
Bottom piec(> equals 
One piece bt^tween 



1 
1 
2 



Total equals 4 

Now divide the quadrant of 90° by 4 which leaves 22^°. As 
one piece equals 22 J °, draw the lower miter line A a at that 
angle to the base line A B. Then as the middle piece represents 
two by the above rule and equals 45°, add 45 to 22^ and draw the 
second miter line A J, at an angle of 67^° to the base line A B. 
Now tiingent to the quadrant at C and B draw the vertical and 
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horizontal lines shown, until they intersect the miter lines, from 

which intersections draw the middle line, which will be tangent to 

the quadrant at F. CD and B E show the diameters of the pipe, 

which are drawn parallel to the lines of the elbow shown. 

Fig. 43 shows a four-pieced elbow, to which the same rule is 

applied. Thus the top and bottom piece equals 2 and the two 

middle pieces equal 4; total 6. Now divide the quadrant of 90° by 

90 

= 15. Then the first miter line A a wiU equal 15°, the 



6. 



6 



second A J 45°, the third A c 75°, and the vertical line A C 90°. 

The last example is shown in Fig. 44, which shows a five- 
pieced elbow, in which the top and bottom pieces equal 2, the 3 

90 
middle pieces 6; total 8. Divide 90 by 8. -q = Hi- Then the 

first miter line will equal 11^°, the second 33|°, the third 56J°,and 

the fourth 78|°. By 

using this method an 
elbow having any num- 
ber of pieces may be 
laid out. When draw- 
ing these miter lines it 
is well to use the pro- 
tractor shown in Fig. 45, 
which illustrates how to 
lay out a three-pieced 
elbow. From the center 
point A of the protrac- 
tor draw lines through 
Fig. 45. ^ 22|°,and67|°. Now set 

off A flj, and the diameter of the pipe a h. Draw vertical lines 
from a and J to the miter line at c and d. Lay off similar distances 
from A to a' to 5' and draw horizontal lines intersecting the 67i^° 
miter line at c' and d' . Then draw the Xines d d' and c c?' to 
complete the elbow. In practice, however, it is not necessary to 
draw out the entire view of the elbow; all that is required is the 
first miter line, as will be explained in the following problems. 
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EXERCISES FOR PRACTICE. 

1. Make the diameter of the pipe 1| inches and the distances 
from A to E IJ inches in Figs. 41 to 44 inclusive. 

To obtain the pattern for any elbow, \ising but the first miter 




Fig. 46. 



line, proceed as follows: In Fig. 46 let A and B represent respect- 
ively a two- and three-pieced elbow for which jjattems are desired. 
First draw a section of the elbow as shown at A in Fig. 47 which 




Fig. 47. 

is a circle 3 inches in diameter; divide the lower half into equal 
spaces and number the points of division 1 to 7. Now follow the 
rule previously given: The top and bottom piece etjuals 2; then 
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for a two-pieced elbow divide 90 by 2. In its proper position below 
the section A draw B C D E making ED 45°. From the various 
points of intersection in A drop vertical lines intersecting E D as 



ELEVATION 




SECTION 



Fi>. 48. 

shown. In line with B C draw K L upon which place twice the 
nmnber of spices contained in the section A as shown by similar 
figures on K L; from these points drop perix3ndiciilars to intersect 
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with lines drawn from similar intersections on E D, parallel to K L. 
Trace a line through points shown; then K L O N M will be 
the pattern. To this laps must be allowed for seaming. 

Now to obtain the imttem for a three-pieced elbow, follow the 
rule. Top and bottom pieces equal 2, one middle piece equals 2; 

90 
total 4' ^ == 22^. Therefore in line with the section A below 

the two-pieced elbow draw P G J H, making H J at an angle of 
22^° to the line H J. Proceed as above using the same stretchout 
lines; then U P R S T will be the desired pattern. It should be 
understood that when the protractor is used for obtaining the angle 
as shown in Fig. 45, the heights a c and h d measmred from the 
horizontal line form the basis for obtaining the heights of the 
middle pieces, inasmuch as they represent one-half the distance; 
for that reason the middle pieces count 2 when using the rule. 
Therefore, the distances F H and G J (Fig. 47), represent one-half 
of the center piece and U T S R P one-half the pattern for the 
center piece of a three-pieced elbow. 

Fig. 48 shows how the patterns are laid into one another, to 
prevent waste of metal when cutting. In this example we have a 
three-iDieced elbow whose section is 2 X 2 inches. It is to be laid 
out in a quadrant whose radius is 5 inches. Use the same 
l)rinciples for square section as for round; number the comers of 
the section 1 to 4. In line with S i draw D E upon which place 
the stretchout of the square section as shown by similar niunbers 
on D E ; from which draw horizontal lines which intersect lines 
drawn parallel to D E from the intersed;ions 1' 2' and 3' 4' in A 
in elevation, thus obtaining similar points in the pattern. Then 
A^ will be the xmttem for A in elevation. For the pattern fc r B 
simply take the distance from 2' to^* and place it on the line 4 4' 
extended in the pattern on either side as shown by 4' 4' on both 
sides. Now reverse the cut 4' 2' 4' and obtain 4" 2' 4*. By 
measurement it will be found that 4' 4" is twice the length of 2' 2 
as explained in connection with Figs. 45 and 47. Make the distance 
from 1' to a' the same as J to ^ in C and draw the vertical line 
V y intersecting the linens 4 4*^ extender! on both sides. Then A\ B ' , 
and C^ will bo the piitterns in one piece minus the edges for 
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Beaming which must be allowed between theee cats; this would ol 
course make the lengths b' 4', 4' 4' and 4' 4 as much longer as 
the laps would necessitate. 

This method of cutting elbows in one piece, from tine square 
is applicable to either round, oval or square sections. 

In Figs. 49 and 50 are sliown three-pieced elbows such as are 





Pig. 49. Pig. 50. 

used in furnace-pipe work and are usually made from bright tin. 
Note the difference in the position of the sections of the two 
elbows, In Fig. 49 rt S is in a vertical position, while in Fig. 50 it 
is in a horizontal {tosition. In obtaining the patterns the same 
nile is employed as in pre- 
vious problems, care being 
taken when developing the 
patterns for Fig. 49 that 
the section be placed as in 
Pig. 51 at A; and when 
developing the patterns for 
Fig. 50, that the section bi^ 
placed as shown at A in 
Fig. 52. 

. Fie- 51. Fig. 53 shows a taper- 

ing two-pieced elbow, round in section. The method here shovm 
is short and while not strictly accurate, gives good results. 
It has been shown in previous problems on Iiitersi'etioiis and 
Developments that an oblique section through tlie oi^posite 
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sides of a cone is a tnie ellipse. Bearing this iu mind it is 
evident that if the frustum of the cone H I N, Fig. 64, were 
a solid and cut obliquely by the plane J K and the seyeral parts 
placed side by side, both would present true ellipses of exactly the 
sanie size, and if the two jiaris were placed together again turning 
the upper piece h;ilf-way around as shown by J W M K, the edges 




Fig. 52. 

of the two pieces from J to K would esjictly coincide. , -Taking 
advantage of this fact, it is necessary only to ascertain the angle of 
the line. J K, to produce the required angle, betwettn the two pieces 
of the elbow, both of which have an equal flare. The angle of the 
miter line, or the line which cuts the cone in two parts, most be 
found accurately so that when joined togother an elbow will 
be formed having the dcsirtd 
angle on the line of its axis. 
Therefore draw any vcrticjil 
line as A B, With C as a center 
describe the plan of the desired 
diameter as shown by E D F B. 
At right angles to A B draw tlio 
bottom line of the elbow H I 
equal to E P, or in this case, 3 
inches. Measuring from the line Pig- 53- 

H I on the line A B the height of the frustum is 5 inches. 
Thr6ugh X' draw the upper diameter O N, IJ inches. Extend the 
contour lines of the frustum mitil thoy intersect the center line 
at L. Divide the half plan E D F into a number of equal parts 
aa shown; from these points urcct lines intersecting the base line 
H I from which draw lines to the a^xx L. As the elbow is to be 
in two pieces, and the axis at right aiigkB, draw the angle T R S, 
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bisort it at U iind draw thelirns R V. No matter what the anglu of 
the elbow, use this method. Now establish the point J at some 
convenient point on the cone, and from J, parallel to K V, draw the 
miter line -T K intersecting the radial lines drawn through the cone ; 
from these points and at right angles to the center line A B draw 
lines intersecting the side of the cone J H from 1 to 7. If it is 




Fig. 51. 
desired to know how the Bide of the tapering elbow would look, 
take a tracing of N O K J, reverse it and place it as shown by 
J W M K. 

For the pattern i>roceed as follows: With L as a ct^ntiT and 
L H as u radius describt: the arc 1 1. Starting from 1 set off on 
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this arc twico tho stretchout of 1 4 7 in plan, tis shown by similar 
figures on 1 l,from which draw radial lines to the apex L, Again 
using Las cfnter with radii etiual toLN, LI, L 2 to L 7, draw aros 
as shown intersecting radial lines having similar numbers. Through 
these intersections draw the line J' L'. Then O' N' J' K' L' 
or A will bo tlie jtattem for the npi^er arm (A) in elevation, and 
P' E' T' X Y or B the i>atteni for the lower arm (B) in elevation. 




Fig. 55. 

The pattern should be developed full size in practice and then 
pricked from the paper on to the sheet metal, drawing the two 
patterns as far ajjart as to admit allowing an edge to A at «; also 
an edge at J to B for seaming. 

When a jiattern is to contain more than two piives the method 
of constructing the miter lines in the elevation of the cone is 
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slightly different as shown in Fig. 55. Assnme the bottom to be 

3 inches in diameter and the top 1^ inches. Let the vertical height 

be 4 inches. In this problem, as in tlie preceding, the various 

pieces necessary to form the elbow are cut from one cone whose 

dimensions nioBt be determined from the dimensiqps of the required 

elbow. The first step is to determine the miter lines, which can 

be done the same as it regular pieced elbows were being developed. 

As the elbow is to consist of four pieces in 90°, follow the rule 

given in connection with elbow drafting. The top and bottom 

90 
piece equal 2; the two middle pieces equal 4; total 6. —^ = 15. 

Lay off A B C D according to the dimensions given, and draw the 
half plan below D C; divide it into equal parts as shown. From 
the points of division erect perpendiculars intersecting D C, from 
which draw lines meeting the center line E 4 at F, 




SUGHTKNDS 
Fig. m. Fig. 57. 

We assume that the amount of rise and projection of the elbow 
are not specified, excepting that the lines of axis will be at right 
angles. Knowing tlie angle of the miter line, it becomes a matter 
of judgment upon the part of the pattern draftsman, what length 
shall be given to each of the pieci's composing the elbow. Therefore 
establish the points G, I and K, making D G, G I, IK and K A, 
J, IJ, I and 1 inch respectively. From G, I and K draw the hori- 
zontal lines G 1*, I 1° and K 1'. To each of these lines draw the 
Hues G H, I J and K L resixsctively at an angle of 15° intersecting 
the radial linos in the cone as sliown. From these intersections 
draw horizontal lines cutting the side of the cone. Then using F 
as a (M'liter, obtain the various |>attems O, P, R and S in the 
manner already explained. 
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In Pig. 56 is shown a side view of the elbow, resulting from 
preceding operations; while it can be drawn from dimensions 
obtained in Fig. 55, it would be impossible to draw it without first 
having these dimensions. 

In Fig. 57 is shown a perspective view of a tapering square 
elbow of square* section in two pieces. This elbow may have any 
given taper. This problem will be develoi)ed by triangulation and 
parallel lines; it is an interesting study in projections as well as 
in developments. First draw the elevation of the elbow in Fig. 58 
making 1-6 equal to 3^ inches, the vertical height 1-2, 4^ inches, 
and 6-5, 2^ inches; the projection between 1 and 2 should be 
I inch and between 5 and 6, § inch. Make the horizontal distance 
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Fig. 58. 

from 5 to 4, 2 inches, and the rise at 4 from the horizontal line 
\ inch, and the vertical distance from 4 to 3, 1^ inches. Then draw 
a line from 3 to 2 to complete the elevation. 

In its proper position below the line 1-6, draw the plan on 
that line, as shown by 1' 1' 6' 6'. Through this line draw the 
center line A B. As the elbow should have a true taper from 1 to 3 
and from 4 to 6, we may develop the patterns for the top and 
bottom pieces first and then from these construct the plan. There- 
fore, take the distances from 1 to 2 to 3 and from 4 to 5 to 6 in 
elevation and place them on the line A B in plan as shown resi)ec- 
tively from 1° to 2° to 3° and from 4° to 5° to 6°; through these 
points draw vertical lines as shown. While the full developments 
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E and D are shown wo shall deal with but one-half in the explana- 
tion which follows. As the elbow is to have the same tax^er on 
either side, take the half distance of the bottom of the elbow 1-6 
and place it as shown from l°-6° to l''-6'', and the half width of 
the toj) of the elbow 3-4 and place it as shown from 3° to 3" and 4° 
to 4*. Then draw lines from 3" to 1" intersecting the bend 2° at 
2\ and a line from 4" to 6" intersecting the bend 5° at 5". Trace 
these points on the opposite side of the line A B. Then V d" ab 
will be the pattern for the top of the elbow and 6* 4' ch the 
pattern for the bottom. From these various points of intersection 
draw horizontal lines to the plan, and intersect them by lines 
drawn from similarly numbered points in the elevation at right 
angles to A B in plan. Draw lines through the points thus 
PATTERN FOR obtained iu plan as showu by 1 ' , 2 ' , 3 ' , 4 ' , 

SIDES ^ g / ^^^ g , ^jj j^jj ^m represent the half plan 

view. For the completed plan, trace these 
*»"* lines opposite the line A B as shown. It 
will be noticed that the line 3-4 in eleva- 
tion is perpendicular as shown by 3' 4' 
in plan while the points 2' and 5' project 
from it, showing that the piece 2-3-4-5 
Fig. 59. in elevation must be slightly twisted 

along the line 5-3 when forming the elbow. Similarly slight 
bends will be required along the lines 1-5 and 5-2. 

It will now be necessary to obtain the true lengths or a 
diagram of triangles on the lines 1-5, 5-2 and 5-3. Connect similar 
numbers in plan as shown from 1' to 5', 5' to 2' and 5' to 3', the 
last two lines being already shown. From similar points in eleva- 
tion draw horizontal lines as shown by 2-/i, i^-/j 5-e and 6-rf. 
Take the distances from 1' to 5', 5' to 2' and 5' to 3' in plan and 
place them on one of the lines having a similar number in eleva- 
tion, as shown respectively by 1^ 5^, b^ 2^ and 5"^ 3^^. From the 
lX)ints marked 5^^ draw vertical lines intersecting the horizontal 
line drawn from 5 at 5^', 5^ and 5^^ respectively. Now draw the true 
lengths l'^ 5^', 2^ 5^-, and 3^^ 5'\ For the pattern draw any line as 
1-6 in Fig. 59 equal to 1-6 in Fig. 58. Now with 6" 5" in D as a 
radius and 6 in Fig. 59 as a center, describe the arc 5 which is 
inters(»ct(»d by an arc struck from 1 as a center and the true length 
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1" 5' in Fig. 58 as nulius. Then using tho tnio hngth S'- 2* as 
nulins and 5 in Fij^. 59 as ccntvr, describe the arc 2, which is 
intersecte«l by an arc struck from 1 as center and 1' 2' in E in 
Fig. 58 as radius. Using t>ic true length 5'' 3* as radius and 5 in 
Fig. 59 as center, describe the arc 3, and intersect it by an arc 
struck from 2 as center and 2' 3' in E in Pig, 58 as a radius. Now 
with 5' 4' in D as a radius and 5 in Fig. 59 as a center, describe 
tlie arc 4, and iiitersect it by an arc struck from 3 as center and 
3-4 in the elevation in Fig. 58 as a radius. Draw lines from point 
to iwint in Fig. 59 to complete the pattern. Laps should be 
allowed on all imttems, for seaming. Slight bends will take place 
as shown on the pattern, also as is show^^ by o S and o in Fig. 57. 
If the joint is to be on tlie line 2-5 in elevation in Pig, 58, the 
necessary pieces can be joiniKi t<^ether. 

In Pig. 60 is shown a persx)ective view of a five-piece tapering 
elbow, having a round base and an ellipticjd top. This fonn is 
generally known as a ship ventilator. 
Tho principles shown in this problem 
are apxjlicablo to any form or shape no 
matter what the respective profiles may 
be at the base or top. The first stiip is 
to draw a correct side view of the elbow 
as shown in Fig. 61. The outline A 
E D E P ciin be drawn at pleasure, 
but for practice, dimensions arc given. 
First draw the vertical line A P 
equal to 4J inches. On the same 
Fig. 60. line extend measure down IJ inches to 

^nnd draw the horizontal linct H B. From/set off a distance of 
li inches at G, and using Gr as a cenl/T and G Fas a radius 
describe the arc F E intersecting H B at E, from which draw the 
vertical line E D equal to 1 inch. Draw D C equal to 1| inches, 
fheu drjiw C B. From B lay otf 5| inches, and using this point (H) 
us a center and H B as a radius describe the arc B A. Tho portion 
shown B E D C is 11 straight piece of pipe whose si^ction is shown 
by I J K L. Now divide the two arcs B A and E F into the same 
number of piirts that the elbow is to have pieces (in this case four) 
and draw the lines of joint or miter lines as shown by IT V, etc. 




58 



SHEET-METAL TNORK 



Bisect each one of the joint lines and obtain the points ahcd and e. 
Then A B C D E F will be the side view. 

The patterns will be developed by triangulation, but before 
this can be done, true sections ipust be obtained on all of the lines 
in side elevation. The tme sections on the lines B E and C D are 
shown by I J K L. The length of the sections are shown by the 
joint lines, but the width must be obtained from a front outline of 
the elbow, which is constructed as follows: In its proper relation 
to the side elevation, draw the center line M R upon which draw 





SIDE ELEVATION 



FRONT OUTUNE 



|LSECJLON_jj^ 



Fig. 61. 

the ellipse M N O P (by methods already given in Mechanical 
Drawing) which represents the section on A F in side. Take half 
the diameter I K in section and place it on either side of the center 
line M R as R T or R S. Then draw the outline O S and T N in 
a convenient location. While this line is drawn at will, it should 
be understood that when once drawn, it becomes a fixed line. Now 
from the various intersections ahcd and e in the side elevation, 
draw lines through and intersecting the front outline as shown on 
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sections on the joint lines in side elevation are 
obtained in the same manner. 

If the sections were required for piece 2 in 
side it would be necessary to use only O 6' 12 in 
Fig. 62 and place it on U V in Fig. 61, and on a 
perpendicular line erected from Cj place the width 
c' c" shown in front and through the three points 
obtained again draw the semi-elliptical profile or 
section. Now divide the t^^'c half sections (Fig. 62) 
into equal imrts as shown ijy the ^nall figures, from 
which at right angles to 1-13 and 0-12 draw lines 
intersecting these base lines from 1-13. Connect opposite points 
as 1 to 2 to 3 to 4 to 5, etc., to 12. Then these lines will represent 
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one side by O, J', c\ d! and e\ Then these distances will repre- 
sent the widths of the sections shown by similar letters in side. 
For example, the method will be shown for obtaining the true 
section on U V, and the pattern for piece 1 in side 
elevation. To avoid a confusion of lines take a 
tracing of A F V U and place it as shown by 1, 
13, 12, in Fig. 62. On 1-13 place the half profile 
M N P of Fig. 61. Bisect 0-12 in Fig. 62 and 
obtain the point 6; at a right angle to 0-12 from 6 
draw the line 6 6' equal \x>V V in front outline in 
Fig. 61. Then through the three points O, 6' and 
12 in Fig. 62, draw the semi-ellipse, which will 
represent the half section on U V. The other 
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the bases of sections whose altitudes are equal to the heights in 
the half section. For these heights proceed as follows; 

Take the various lengths from 1 to 2, 2 to 3, 3 to 4, 4 to 5, etc., 
to 11 to 12 and place them on the horizontal line in Fig. 63 as 
sfcown by similar figures; from these points erect vertical lines 
equal in height to similar figures, in the half section in Fig. 62 as 
shown by similar figures in Fig. 63. For example: Take the dis- 
tance from 7 to 8 in Fig. 62 and place it as shown from 7 to 8 in 
Fig. 63 and erect vertical lines 7-7', and 8-8' equal to 7-7' and 
8-8' in Fig. 62. Draw a line from 7' to 8' in Fig. 63 which is the 
true length on 7-8 in Fig. 62. For the pattern take the distance of 
1-0 and place it as shown by 1-0 in Fig. 64. Now using O as a 
center and O 2' in Fig. 62 as a radius, describe the arc 2 in Fig. 64 




• Fig. 64. 

and intersect it by an arc struck from 1 as a center with 1-2' in 
Fig. 63 as a radius. Now with 1-3' in Fig. 62 as a radius and 1 in 
Fig. 64 as a center, describe the arc 3, and intersect it by an arc 
struck from 2 as center and 2'-3' in Fig. 63 as a radius. Proceed 
thus, using alternately as radii, first the divisions in 0-6'-12 in 
Fig. 62, then the proper line in Fig. 63, the divisions in l-7'-13 in 
Fig. 62 and again the proper line in Fig. 63, until the line 12-13 
in Fig. 64 is obtained, which equals 12-13 in Fig. 62. In this 
manner al of the sections are obtained, to which laps must be 
allowed for wiring and seaming. 
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TABLES. 

The following tables will \)e fount! i-onvenient for the Sheet-Metal Worker: 

TAHLIS PAGE. 

Weight of Cast Iron, Wroii^l.t Iron, Copper, Lead, Brass and Zinc 62 

Sheet Copper 63 

Sheet Zinc 64 

Standard Gauge for Sheet Iron and Steel 65 

Weights of Flat RoIUhI Iron 66-71 

Square and Round Iron Bars 72 73 

Angles and Tees 74 
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SHEET COPPER. 

Official table adopted by the Association of Copper Manufacturers of 
the United States. Rolled copper has specific gravity of 8.93. One cubic 
foot weighs 558.125 pounds. One square foot, one inch thick, weighs ^.51 
pounds. 
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UNITED STATES STANDARD OAUQE FOR SHEET AND PLATE 

IRON AND STEEL 

COPY [Public-No. 137] 

An act establishing a standard gausre for sheet and plate iron and steel. 

Be it enacted by the Senate and Houfe of Representatives of the United States of America 
in Congress assembled. That for the purpose oi securing uniformity the following is estab- 
lished as the only standard gauge for sheet and plate iron and steel in the United States of 
America, namely: 
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,3-160 


.01875 


12 


.75 


26 


27 


IMMO 


.0171H75 


11 


.6875 


27 


28 


1-64 


.015625 


10 


.625 


28 


29 


9-4U0 


.0140625 


9 


.5625 


29 


30 


1-80 


.0125 


8 


.5 


30 


31 


7-640 


.0109375 


7 


.4375 


31 


32 


1.3-1280 


.01015625 , 


6^ 


.40625 


32 


33 


3-.320 


.009.375 


6 


..375 


33 


84 


11-1280 


.00859375 


5^ 


.84.375 


.34 


35 


.VWO 


.0078125 


5 


.3125 


35 


36 


9-1280 


.00703125 


4^ 


.28125 


36 


37 


17-2560 


.0066406 


A% 


.26.5625 


37 


38 


1 160 


.00625 


4 


.25 


38 



And on and after July fust, eij;htoon hundred and nint'ty-thrce. the same and no other 
shall be used in determining duties and taxes levied by the United States of America on sheet 
and plate iron and steel. But this act shall not be constr^pd to increase duties upon any 
articles which may be imported. 

Sec. 2. That the Secretary of the Treasury is authorized and required to prepare suitable 
standards in accordance herewith. 

Skc. 3. That in the nractiral use and a|)plication of the standard gauge hereby estab- 
lished a variation of two ana one-half per cent either way may be allowed. 

Approved, March 3, 1893. 
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SHEET-METAL WORK 



WEIQffTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

Iron weighing 480 pounds per cubic foot. 



Tkickma 
in 



I 



It 
It 



n 



.208 
.417 
.625 
.833 

1.04 
1JB5 
1.46 
1.67 

1.88 
2.08 
2.29 
2.50 

2.71 
2.92 
3.13 
3.33 

8.54 
3.75 
3.96 
4.17 

4.87 
4.58 
4.79 
5.00 

h2i 
5.42 
5.63 
5.83 

6.04 
6Jg5 
6.46 
6.67 



IK" 



260 
J^\ 
.781 
1.04 

1.30 
1.56 
1.82 
2.08 

2.34 
2.60 
2.86 
3.13 

8.39 
3.65 
8.91 
4.17 

4.43 
4.69 
4.95 
5.21 

5.47 
5.73 
5.99 
6.25 

6.51 
6.77 
7.08 
7J89 

7.55 
7.81 
8.07 
8.33 



IK" 



IH" 



.813 
.625 
.938 
1JB5 

1.56 
1.88 
2.19 
2.50 

2.81 
3.18 
3.44 
8.75 

4.06 
4.38 
4.69 
5.00 

5.31 
5.63 
5.94 
6.25 

6.56 
6.88 
7.19 
7.50 

7.81 
8.13 
8.44 
8.75 

9.06 

9.38 

9.69 

10.00 



.865 
.729 
1.09 
1.46 

1.82 
2.19 
2.55 
2.92 

3i8 
3.65 
4.01 
4.38 

4.74 
5.10 
5.47 
5.83 

6i0 
6.56 
6.98 
7.29 

7.66 
8.02 
8.89 
8.75 

9.11 

9.48 

9.84 

10.21 

10.67 
10.94 
11.80 
11.67 



2" 



.417 
.833 
1JB5 
1.67 

2.08 
2.50 
2.92 
3.33 

3.75 
4.17 
4.58 
5.00 

5.42 
5.83 
6JB5 
6.67 

7.08 
7.50 
7.92 
8.83 

8.75 

9.17 

9.58 

10.00 

10.42 
10.83 
llJg5 
11.67 

12.08 
12.50 
12.92 
13.88 



2H" 



.469 
.938 
1.41 
1.88 

2.34 
2.81 
3.28 
8.76 

4.22 
4.69 
6.16 
6.63 

6.09 
6.66 
7.03 
7.50 

7.97 
8.44 
8.91 
9.88 

9.84 
10.31 
10.78 
11.26 

11.72 
12.19 
12.66 
13.18 

18.59 
14.06 
14.53 
15.00 



2K" 



.521 
1.04 
1.66 
2.08 

2.60 
3.13 
3.65 
4.17 

4.69 
6.21 
5.78 
6.26 

6.77 
759 
7.81 
8.33 

8.85 

9.88 

9.90 

10.42 

10.94 
11.46 
11.98 
12.60 

13.02 
13.64 
14.06 
14.68 

16.10 
16.63 
16.16 
16.67 



2H" 



.673 
1.15 
1.72 
2.29 

2.86 
3.44 
4.01 
4.58 

5.16 
5.73 
6.30 
6.88 

7.45 
8.02 
8.59 
9.17 

9.74 
10.31 
10.89 
11.46 

12.03 
12.60 
13.18 
18.76 

14.32 
14.90 
15.47 
16.04 

16.61 
17.19 
17.76 
18.33 



12" 



2.50 

5.00 

7.50 

10.00 

12.50 
16.00 
17.50 
20.00 

22.50 
26.00 
27.50 
30.00 

32.60 
36.00 
87.60 
40.00 

4250 
46.00 
47.50 
60.00 

62.60 
56.00 
67.60 
60.00 

62.50 
65.00 
67.50 
70.00 

72.50 
76.00 
77.50 
80.00 
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BHEET-METAL WORK 



67 



WEIQHTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

(Continued) 



TkiekBMS 


3" 


.877 


.729 


SX" 


4" 


4)i" 
.8:6 


4K" 
.938 


4Ji" 
.990 


12'/ 


tV 


.781 


.833 


2.5d 


i 


1.26 


1.35 


1.46 


1.56 


1.67 


1.77 


1.88 


1.98 


5.00 


1.88 


2.03 


2.19 


2.84 


2.50 


2.66 


2.81 


2.97 


7.50 


T 


2.50 


2.71 


2.92 


8.18 


8.83 


8.54 


8.75 


8.96 


10.00 


A 


8.13 


3.89 


3.65 


3.91 


4.17 


4.43 


4.69 


4.95 


12:50 




8.75 


4.06 


4.38 


4.69 


5.00 


5.31 


5.63 


5.94 


15.00 


4.88 


4.74 


5.10 


5.47 


5.83 


6.20 


6.56 


6.93 


17.50 


A W 


5.00 


5.42 


5.83 


6.25 


6.67 


7.08 


7.50 


7.92 


20.00 


iV 


5.63 


6.09 


6.56 


7.03 


7.50 


7.97 


8.44 


8.91 


22.50 


y 


6.25 


6.77 


7.29 


7.81 


8.33 


8.85 


9.88 


9.90 


25.00 


ii 


6.88 


7.45 


8.02 


8.59 


9.17 


9.74 


10.81 


10.89 


27.50 


i 


7.50 


8.13 


8.75 


9.88 


10.00 


10.63 


11J85 


11.88 


80.00 


\l 


8.13 


8.80 


9.48 


10.16 


10.88 


11.51 


12.19 


12.86 


82.50 


i 


8.75 


9.48 


10.21 


10.94 


11.67 


12.40 


13.13 


13.85 


85.00 




9.38 


10.16 


10.94 


11.72 12.50 


13.28 


14.06 


14.84 


87.50 


1 


10.0 


10.83 


11.67 


12.50 13.33 


14.17 


15.00 


15.83 


40.00 


ItV 


10.63 


!1.51 12.40 


13.28 14.17 


15.05 


15.94 


16.82 


42.50 


1? 


ll.Co 


12.19 13.13 


14.06 15.00 


15.94 


16.88 


17.81 


45.00 


lA 


11.88 


12.86 13.86 


14.84 


15.83 


16.82 


17.81 


18.80 


47.50 


li 


12.50 


13.54 


14.58 


15.63 


16.67 


17.71 


18.75 


19.79 


50.00 


iiV 


13.13 


U.22 


15.31 


16.41 


17.50 


18.59 


19.69 


20.78 


52.50 


IJl 


13.75 K.iK) 


16.04 


17.19 


18.33 


19.48 


20.63 


21.77 


55.00 


14.8^ 


15.57 


16.77 


17.97 


19.17 


20.36 


21.56 


22.76 


57.50 


u 


15.00 


16.25 


17.50 


18.75 


20.00 


21.25 


22.50 


23.75 


60.00 


ItV 


15.63 


16.93 18.23 


19.53 20.83 


22.14 


23.44 


24.74 


62.50 


If 


16.25 ,17.60 ;18.96 


20.31 ^21.67 


23.02 


24.38 


25.73 


65.00 


m 


16.88 !l8.28 '19.69 


21.09 '22.50 


23.91 


25.31 


26.72 


67.50 


H 


17.50 18.96 20.42 21.88 23.33 


24.79 j26.25 


27.71 


70.00 


m 


18.13 19.64 21.15 22.66 24.17 25.68 27.19 


28.70 


72.50 


H 


18.75 20.31 21.88 23.44 25.00 


26.56 28.13 


29.69 


75.00 


m 


19.38 120.99 ^2.60 


24.22 125.83 


27.45 29.06 30.68 1 


77.50 


' 1 


20.00 


21.67 

i 1 


23.33 


25.00 ' 


26.67 


28.33 


30.00 


31.67 


80.00 
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SHEET-METAL WORK 



WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

(Continued) 



Thieknos 
in Inches. 


5" 
1.04 


1.09 


^y2" 


5%" 


6" 

1.25 


QVa" 
1.30 


1.35 


1.41 


12" 


•h 


1.15 


1.20 


2.60 


i 


2.08 


2.19 


2.29 


2.40 


2.50 


2.60 


2.71 


2.81 


6.00 


A 


8.13 


8.28 


3.44 


8.59 


8.75 


8.91 


4.06 


4.22 


7.60 


i 


4.17 


4.38 


4.58 


4.79 


5.00 


h2\ 


6.42 


6.63 


10.00 


T»f 


5.21 


6.47 


6.73 


6.99 


6.26 


6.51 


6.77 


7.03 


12.60 


A 


6.25 


6.56 


6.88 


7.19 


7.50 


7.81 


8.13 


8.44 


15.00 


7J29 


7.66 


8.02 


8.39 


8.75 


9.11 


9.48 


9.84 


17.60 


i 


8.33 


8.76 


9.17 


9.58 


10.00 


10.42 


10.83 


11.25 


20.00 


-fis 


9.38 


9.84 


10.31 


10.78 


11.25 


11.72 


12.19 


12.66 


22.6a 


i 


10.42 


10.94 


11.46 


11.98 


12.60 


13.02 


13.54 


14.06 


25.00 


H 


11.46 


12.03 


12.60 


13.18 


13.76 


14.32 


14.90 


15.47 


27.60 


i 


12.60 


13.13 


13.76 


14.38 


16,00 


15.68 


16.26 


16.88 


80.00 


a 


13.64 


14.22 


14.90 


16.57 


16.26 


16.93 


17.60 


18.28 


82.60 


f 


14.58 


15.81 


16.04 


16.77 


17.50 


18.23 


18.96 


19.69 


86.00 


ii 


15.63 


16.41 


17.19 


17.97 


18.76 
20.00 


19.63 


20.31 


21.09 


87.60 


1 


16.67 


17.50 


18.83 


19.17 


20.83 


21.67 


22.50 


40.00 


iiV 


17.71 


18.69 


19.48 


20.36 


21 .fc 


22.14 


23.02 


23.91 


42.50 


u 


18.75 


19.69 


20.63 


21.66 


22.50 


23.44 


24.38 


25.31 


46.00 


Vr 


19.79 


20.78 


21.77 


22.76 


23.7fe 


24.74 25.73 


26.72 


47.50 


n 


20.83 


21.88 


22.92 23.96 '25.00 

1 1 


26.04 27.08 


28.13 


60.00 


liV 


21.88 


22.97 


24.06 


25.16 26.25 


27.34 28.44 


29.53 


52.50 


li 


22.92 


24.06 


25.21 


26.35 i 27.50 


28.65 


29.79 


30.94 


65.00 


ItV 


23.96 


25.16 


26.35 


27.55 j 28.75 


29.95 


31.15 


32.34 


57.50 


li 


25.00 


26.25 


27.50 


28.75 30.00 


31.25 


32.50 


33.75 


60.00 


1t\ 


26.04 


27.34 


28.65 


29.95 31.25 


32.55 


33.85 


35.16 


62.50 


u 


27.08 


28.44 


29.79 


31.15 


32.50 


33.85 


35.21 


36.66 


65.00 


IH 


28.13 


29.53 


30.94 


32.34 


33.75 


35.16 


36.56 


37.97 


67.50 


U 


29.17 


30.63 


32.08 33.54 ! 35.00 

1 1 


36.46 


37.92 


39.38 


70.10 


}1J 


30.21 


31 .72 1 33.23 '34.74 '36.26 


37.76 


39.27 


40.78 


72.50 


u 


31.25 


32.81 


34.38 35.94 


37.50 


39.06 


40.63 


42.19 


75.00 


i^^' 


32.29 


33.91 


35.52 37.14 


38.75 


40.36 


41.98 


43.69 


77.50 


2 


33.33 


35.00 


36.67 


38.33 

• 


40.00 


41.67 


43.33 


45.00 


80.00 



132 



SHEET-METAL WORK 



69 



WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

(Continued) 



I 

i 

{ 

I 

•t 
it 

it 

It 
i? 



7// 



1.46 
2.92 
4.88 
5.88 

7.29 

8.75 

10.21 

11.67 

18.18 
14.68 
16.04 
17.50 

18.96 
20.42 
21.88 
28.88 

24.79 
26Je5 
27.71 
29.17 

80.62 
82.08 
88.54 
85.00 

86.46 
87.92 
'89.88 
40.88 

42.29 
48.76 
45JS1 
46.67 



7H" 


7>i" 


Ul 
8.02 
4.58 
6.04 


156 
8.18 
4.69 
6J35 


7il6 

9.06 

10.57 

12.08 


7.81 

9.88 

10.94 

12.^0 


18i»9 
15.10 
16.61 
18.18 


14.06 
15.68 
17.19 
18.76 


19.64 
21.15 
22.66 
24.17 


20.81 
21.88 
28.44 
25.00 


25.68 
27.19 
28.70 
30JS1 


26.56 
28.18 
29.69 
81.26 


81.72 
88J23 
84.74 
86Je5 


82;81 

34.88 
85.94 
87.60 


87.76 
89Je7 
40.78 
42.29 


89.06 
40.68 
42.19 
48.76 


43.80 
45.^1 
46.82 
48.88 


45.81 
46.88 
48.44 
60.00 



7K" 



1.61 
8J28 
4.84 
6.46 

8.07 

9.69 

11.80 

12.92 

14.58 
16.16 
17.76 
19.88 

20.99 
22.60 
84JS 
25.88 

87.46 
29.06 
80.68 
82J» 

^.91 
8652 
87.14 
88.76 

40.86 
41.96 
48.59 
46JS1 

46.82 
48.44 
60.06 
61.67 



8" 



1.67 
8.88 
5.00 
6.67 

8.88 
10.00 
11.67 
18.83 

15.00 
16.67 
ia88 
20.00 

21.67 
28.83 
25.00 
26.67 

28.88 
80.00 
81.67 
83.88 

$.00 
W.67 
86.38 
40.00 

41.67 
43.33 
46.00 
46.67 

48.33 
50.00 
51.67 
53.33 



814" 



1.72 
8.44 
5.16 
6.88 

859 
10.81 
12.03 
13.76 

16.47 
17.19 
18.91 
20.63 

22.34 
24.06 
26.78 
2750 

29J22 
30.94 
32.66 
34.86 

86.09 
37.81 
8953 
41JB6 

42.97 
44.69 
46.41 
48.13 

49.84 
51.66 
53J38 
56.00 



BH" 


BK" 


1.77 
854 
5.81 
7.06 


1.82 
8.66 
5.47 
7.29 


8.85 
10.63 
12.40 
14.17 


9.11 
10.94 
12.76 
14.68 


16.94 
17.71 
19.48 
21J» 


16.41 
18J23 
20.05 
21.88 


23.02 
24.79 
26.56 
28.83 


23.70 
2652 
27.34 
29.17 


30.10 
81.86 
83.66 
a5.42 


30.99 
32.81 
34.64 
36.46 


87.19 
88.96 
40.7» 
4250 


88Ji» 
40.10 
41.98 
43.75 


44Je7 
46.04 
47.81 
4958 


4657 
47.40 
49J82 
61.04 


51.35 
53.18 
64.90 
66.67 


62.86 
64.69 
5651 
58.83 



12" 



250 

5.00 

750 

10.00 

1250 
16.00 
17.60 
20.00 

22.50 
26.00 
2750 
80.00 

8250 

35.00 
8750 
40.00 

4250 
46.00 
4750 
60.00 

62.50 
55.00 
5750 
60.00 

6250 
66.00 
67.60 
70.00 

7250 
76.00 
7750 
80.00 



- «** .«. * < I ' 
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SHEET-METAL WORK 



WEiaHTS OP FLAT ROLLED IRON PER LINEAR FOOT. 

(Continued) 



ThiekoMS 
inlnchis. 


9" 

1.88 
8.76 
6.63 
7.60 


9K" 

1.93 
3.85 
6.78 
7.71 


9K" 

1.98 
3.96 
6.94 
7.92 


9K" 

2.03 
4.06 
6.09 
8.13 


10" 

2.08 
4.17 
6.25 
8.33 


lOJ" 

2.14 
4.27 
6.41 
8.54 


lOJ'' 

2.19 
4.38 
6.66 
8.75 


lOJ" 

2.24 
4.48 
6.72 
8.96 


12" 


1 


2.60 

6.00 

7.60 

10.00 


1 


9.38 
11J85 
13.13 
16.00 


9.64 
11.66 
13.49 
15.42 


9.90 
11.88 
13.85 
15.83 


10.16 
12.19 
14.22 
16J85 


10.42 
12.60 
14.68 
16.67 


10.68 
12.81 
14.95 
17.08 


10.94 
13.13 
16.31 
17.50 


11.20 
13.44 

15.68 
17.92 


12.50 
16.00 
17.60 
20.00 




16.88 
18.75 
20.63 
22.60 


17.34 
19.27 
21.20 
23.13 


17.81 
19.79 
21.77 
23.75 


18.28 
20.31 
22.34 
24.38 


18.76 
20.83 
22.92 
26.00 


19.22 
21.36 
23.49 
2.5.62 


19.69 
21.88 
24.06 
26J26 


20.16 
22.40 
24.64 
26.88 


22.60 
25.00 
27.60 
30.00 




24.38 
26J26 
28.13 
30.00 


25.05 
26.98 
28.91 
30.83 


26.73 
27.71 
29.69 
31.67 


26.41 
28.44 
30.47 
32.60 


27.08 
29.17 
31.25 
33.33 


27.76 
29.90 
32.03 
34.17 


28.44 
30.63 
32.81 
35 00 


29.11 
31.35 
33.69 
36.83 


32.60 
35.00 
37.60 
40.00 


it 


31.88 
33.75 
36.63 
37.60 


32.76 
34.69 
36.61 
38.54 


33.66 
35.63 
37.60 
39.58 


34.63 
36.66 
88.69 
40.63 


35.42 
37.60 
39.68 
41.67 


36.30 
38.44 
40.57 
42.71 


37.19 
39.38 
41.56 
43.75 


38.07 
40.31 
42.65 
44.79 


42.60 
45.00 
47.60 
60.00 


it 

It 


39.38 
41.25 
43.13 
46.00 


40.47 
42.40 
44.32 
46.25 


41.56 
43.54 
45.62 
47.50 


42.66 
44.69 
46.72 
48.76 


43.75 
45.83 
47.92 
60.00 


44.84 
46.98 
49.11 
51.26 


45.94 
48.13 
50.31 
62.60 


47.03 
49.27 
51.51 
53.76 


62.50 
65.00 
57.60 
60.00 


It 

1¥ 


46.88 
48.75 
50.63 
52.60 


48.18 
50.10 
52.03 
63.96 


49.48 
51.46 
53.44 
55.42 


50.78 
52.81 
54.84 
56.88 


62.08 
64.17 
56.25 
58.33 


53.39 
55.52 
57.66 
69.79 


64.69 

66.88 
69.06 
61.25 


65.99 
58.23 
60.47 
62.71 


62.60 
65.00 
67.60 
70.00 


If 


54.38 
56.25 
58.13 
60.00 


65.89 
67.81 
59.74 
61.67 


67.40 
59.38 
61.35 
63.33 


58.91 
60.94 
62.97 
65.00 


60.42 
62.50 
64.68 
66.67 


61.93 
64.06 
66.20 
68.33 


63.44 
65.63 
67.81 
70.00 


64.95 
67.19 
69.43 
71.67 


72.60 
75.00 
77,60 
80.00 
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WEiaHTS OF FLAT ROLLED IRON PER LINEAR FOOT. 

(Concluded) 



Tkiekacn 
iAlnehn. 


11" 

2J89 


llj" 

2.34 


llj" 
2.40 


llj" 
2.45 


12" 

"2.60 


12i" 

2.55 


12J" 
2.60 


12J" 

2.66 


itions 
d the 
.Bibs. 


A 




i 


4.58 


4.69 


4.79 


4.90 


5.00 


5.10 


5.21 


5.81 


£ X" " 


6.88 


7.03 


7.19 


7.34 


7.50 


7.66 


7.81 


7.97 


^■^8 


i 


9.17 


9.38 


9.68 


9.79 


10.00 


10.21 


10.42 


10.S3 


M$ 


A 


11.46 


11.72 


11.98 


12J34 


12.50 


12.76 


13.02 


18.28 




A 


13.75 


14.06 


14.88 


14.69 


15.00 


15.31 


16.63 


15.94 


a^S 


16.04 


16.41 


16.77 


17.14 


17.50 


17.86 


18J» 


18.69 


S'o<^ 


i 


18.33 


18.76 


19.17 


19.58 


20.00 


20.42 


20.88 


21.26 


|5" 


A 


20.63 


21.09 


21.56 


22.03 


22.50 


22.97 


28.44 


28.91 




t 


22.92 


23.44 


23.% 


24.48 


25.00 


25.52 


26.04 


26.66 


^is« 


H 


25.21 


25.78 


26.35 


26.93 


27J»0 


28.07 


28.65 


29.22 


°g9 


1 


27^ 


28.13 


28.75 


29.88 


30.00 


30.63 


81.26 


81.88 


&5-g 


ii 


29.79 


30.47 


31.15 


31.82 


32.50 


88.18 


88.85 


84.53 




i 


32.08 


32.81 


33.54 


84J37 


35.00 


35.73 


36.46 


87.19 


»M "C \oO 


H 


34.38 


35.16 


35.94 


36.72 


37.50 


38.28 


89.06 


89.84 


e8 C 


1 


36.67 


87.60 


38.33 


89.17 


40.00 


40.83 


41.67 


42.60 




> 


88.% 


89.84 


40.73 


41.61 


42.60 


43.89 


44J27 


45.16 




iA 


41J35 


42.19 


43.13 


44.06 


45.00 


45.94 


4(>.88 


47.81 




43.54 


44.53 


45.52 


46.61 


47.60 


48.49 


49.48 


60.47 


0) . 


U 


45.83 


46.88 


47.92 


48.96 


60.00 


61.04 


62.08 


53.13 




lA 


48.13 


49J22 


50.31 


51.41 


52.60 


53.59 


64.69 


55.78 


£ c © 

«ja 


!i 


50.42 


51.56 


62.71 


53.85 


66.00 


66.16 


67J29 


58.44 


5-2 


62.71 


53.91 


65.10 


66.30 


57.50 


68.70 


69.90 


61.09 




u 


55.00 


56J25 


57.60 


58.76 


60.00 


61J35 


62.50 


63.75 




lA 


57J59 


58.59 


69.90 


61J20 


62.60 


63.80 


65.10 


66.41 




If 


59.58 


60.94 


62.29 


63.65 


65.00 


66.35 


"67.71 


69.06 


Hi 


61.88 


63.28 


64.69 


66.09 


67.50 


68.91 


70.31 


71.72 




1* 


64.17 


65.63 


67.08 


68.54 


70.00 


71.46 


72.92 


74.38 


<i>7 o 


Hi 


66.46 


67.97 


69.48 


70.99 


72.60 


74.01 


76.52 


77.08 


U 


68.75 


70.31 


71.88 


73.44 


75.00 


76.56 


78.13 


79.69 


© ^S 


1« 


71.04 


72.66 


7457 


75.89 


77.50 


79.11 


80.73 


82.34 


2 


73.83 

1 


75.00 


76.67 


78.89 


80.00 


81.67 


^3.33 

1 


86.00 
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SQUARE AND ROUND IRON BARS. 



or BiuMtar 
imlnekHi 



-ft 
* 

A 
\ 

ii 

f 

I 
\l 

1 

i 

A 
A 

A 

♦ 

ii 

% 

i 



A 
A 

i 

A 






:013 

.062 
.117 

.208 
.826 
.469 
.638 

.833 
1.065 
1.302 
1.676 

1.876 
2.201 
2.662 
2.930 

3.333 
3.763 
4.219 
4.701 

6.208 
6.742 
6.302 
6.888 

7.600 
8.138 
8.802 
9.492 

10.21 
10.95 
11.72 
12.51 



V«if kt of 

O *" 
Om Foot long. 



.010 
.041 
.092 

.164 
.266 
.368 
.601 

.664 

.828 

1.023 

1.237 

1.473 
1.728 
2.004 
2.301 

2.618 
2.955 
3.313 
3.692 

4.091 
4.510 
4.950 
5.410 

6.890 
6.392 
6.913 
7.455 

8.018 
8.601 
9.204 
9.828 



13.33 


10.47 


14.18 


11.14 


16.06 


11.82 


16.96 


12.53 


16.88 


13.25 


17.83 


14.00 


18.80 


14.77 


19.80 


16.65 


20.83 


16.36 


21.89 


17.19 


22.97 


18.04 


24.08 


18.91 



in iq. inohfli. 



.0039 
.0166 
.0362 

.0626 
.0977 
.1406 
.1914 

.2600 
.3164 
.3906 
.4727 

.6625 
.6602 
.7666 
.8789 

1.0000 
1.1289 
1.2656 
1.4102 

1.5625 
1.7227 
1.8906 
2.0664 

2.2500 
2.4414 
2.6406 

2.8477 

3.0625 
3.2852 
3.5166 
3.7639 

4.0000 
4.2539 
4.5166 
4.7852 

5.0625 
6.3477 
6.6406 
6.9414 

6.2500 
6.5664 
6.8906 
7.2227 



Ana of 

O B" 
in iq. inoha. 



.0031 
.0123 
.0276 

.0491 
.0767 
.1104 
.1503 

.1963 
.2485 
.3068 
.3712 

.4418 
.5185 
.6013 
.6903 

.7864 

.8866 

.9940 

1.1075 

1.2272 
1.3530 
1.4849 
1.6230 

1.7671 
1.9175 
2.0739 
2.2365 

2.4053 
2.5802 
2.7612 
2.9483 

3.1416 
3.3410 
3.5466 
3.7683 

3.9761 
4.2000 
4.4301 
4.6664 

4.9087 
6.1672 
5.4119 
6.6727 



CinniBftofiiM 

of O *" 
in 



.1963 
.3927 
.6890 

.7864 

.9817 

1.1781 

1.3744 

1.6708 
1.7671 
1.9636 
2.1598 

2.3562 
2.5525 
2.7489 
2.9452 

3.1416 
3.3379 
3.6343 
3.7306 

3.9270 
4.1233 
4.3197 
4.5160 

4.7124 
4.9087 
5.1051 
5.3014 

5.4978 
5.6941 
6.8905 
6.0868 

6.2832 
6.4796 
6.6759 
6.8722 

7.0686 
7.2649 
7.4613 
7.6676 

7.8540 
8.0603 
8.2467 
8.4430 
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5QUARE AND ROUND IRON BARS. 

(Concluded) 



Aieknass 

or Dumete 

in Inches. 


Wdghtof 
r 1 Bar 
One I'ooi long. 


O Bar 

One Foot lon|^. 


Am of 

Qbw 

in iq. inches. 


imof 
O Bw . 

in sq. inches. 


Grconfaraica 

of O Btr 

in inches. 




25.21 
26.37 
27.66 
28.76 


19.80 
20.71 
21.64 
22.59 


7.5625 
7.9102 
8.2656 
8.6289 


5.9396 
6.2126 
6.4918 
6.7771 


8.6394 
8.8357 
9.0321 
9.2284 


d 

ft 


80.00 
31.26 
32.65 
33.87 


23.56 
24.56 
25.57 
26.60 


9.0000 
9.3789 
9.7656 
10.160 


7.0686 
7.3662 
7.6699 
7.9798 


9.4248 
9.6211 
9.8175 
10.014 




35.21 
36.58 
37.97 
39.39 


27.65 
28.73 
29.82 
30.94 


10.663 
10.973 
11.391 
11.816 


8.2958 
8.6179 
8.9462 
9.2806 


10.210 
10.407 

lo.om 

10.799 


i 

t 


40.83 
42.30 
43.80 
45.33 


32.07 
33.23 
34.40 
35.60 


12.260 
12.691 
13.141 
13.598 


9.6211 
9.9678 
10.321 
10.680 


10.996 
11.192 
11.388 
11.585 


1 


46.88 
48.45 
50.06 
51.68 


36.82 
38.05 
39.31 
40.59 


14.063 
14.535 
15.016 
15.504 


11.045 
11.416 
11.793 
12.177 


11.781 
11.977 
12.174 
12.370 


4 

i 

ft 


63.33 
55.01 
66.72 
58.45 


41.89 
43.21 
44.65 
45.91 


16.000 
16.504 
17.016 
17.535 


12.566 
12.962 
13.364 
13.772 


12.566 
12.763 
12.959 
13.155 


A 


60.21 
61.99 
63.80 
65.64 


47.29 
48.69 
50.11 
51.65 


18.063 
18.598 
19.141 
19.691 


14.186 
14.607 
15.033 
15.466 


13.352 
13.548 
13.744 
13.941 


ft 


67.50 
69.39 
71.30 
73.24 


53.01 
54.50 
56.00 
57.52 


20.250 
20.816 
21.391 
21.973 


15.904 
16.349 
16.800 
17.257 


14137 
14334 
14530 
14726 


if 


75.21 
77.20 
79.22 
81.26 


59.07 
60.63, 
62.22 
63.82 


22.563 
23.160 
23.766 
24.379 


17.721 
18.190 
18.666 
19.147 


14923 
15.119 
15.315 
15.512 


5 


83.33 


66.45 


25.000 


19.635 


15.706 
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ANGLE IRON. 
Weight Per Linear Foot. 



6 x6 xfi 24 

5 x5 Xt\ 16K 

^ x4 xK ^H 

3Kx3KxA 9 

3 x3 xU 7 

2Kx2J^xA 5 

2Jix2Jix>i 4K 



Lbs. 



M 



CC 



<( 



u 



tt 



u 



2 x2 xM SJ^Lba 

l?ixl%x^ 2?4 » 

IJ^xlKxA 2 • 

IJ^xl^xA IK 

1 xl xj^ 1 

Ux %xH « 



M 
tt 



5 

7 
6 



z8 
x6 
x3 
x4 



x^ 



2 
/2 



xi^ 



TEE IRON. 
Weight Per Linear Foot. 



3i^x3KxK 12J^ 

3 x3 x% 

2J^x2Kxi,^ 8 

2>^x2}^xA 5 



30 


Lbs. 


30 


u 


16K 


M 


14 


(C 


191/' 


c« 


C*4 


(• 



ti 



(i 



2J4x2MxM 4 Lbs 

2 x2 xi.f 3J4 « 

1!^4 X 1?4^ X 1^ 3 

IH^IH^H ^% 

Vi^iH^H m 

1 xl x}i 1 

P-ix Ux% M 



M 
tt 

tt 
M 
tt 
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EXAMINATION PLATES. 
PLATE I. 

The plates of this Instruction Paix^r should be laid out the 
same size as explained in the course on Tinsmith's Work. Before 
starting these plates the student should first practice on other 
pjiper and make models of stiflF cardboard to prove the accuracy 
of the patterns. When the problem is thoroughly mastered and 
understood, coj^y and send in your best drawing for examination 
and correction. 

The first problem given is the intersection and development 
of a cylinder and a right cone, whose lines of axis run parallel to 
each other. First draw the base of the cone B C 4^ inches long, 
placing B 1^ inches from the border line, and the line C B 5^ inches 
above the bottom line. Make the vertical height of the cone 3^ 
inches, and draw the lines A B and A C. Through A draw the 
center vertical line J G, on which 2 J inches below the base line C B 
establish the ix)int I. Now with I as center and ^ of C B as radius, 
describe the circle E F G H, which represents the plan of the cone. 
From A on the line A C measure down one inch as shown at e ' , 
from which erect a vertical line e' K |-inch high. From K (Jraw 
the horizontal line K L equal to 1| inches, and from L drop a 
perpendicular intersecting the side of the cone at M. Directly 
above L K in its proper relative position ^-inch above L K, with N 
as center draw the circle shown, which represents a section through 
L K. Through the center N draw the horizontal line a e. Now 
divide the half upper section N into an equal number of spaces as 
shown hy ah c d e^ from which points drop vertical lines intersect- 
ing the side of the cone A C at a' h' c' d' and e\ and from these 
XX)ints, draw horizontal lines, intersecting the opposite side A B 
from a" to e\ 

The next step is to construct planes in plan as follows : From 
the various intersections a " to e" in elevation, drop vertical lines 
intersecting the horizontal line H F in plan drawn through the 
center I, at a'" h" c'" d" and e'" , Then using I as center and 
distances to points a'" to e" as radii, strike the various circles 
shown. From the center of the section N in elevation extend the 
line intersecting H F in plan nif; then usingy as center and N a 
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or N ^ in elevation as radius, describe the circle 1-3-5-3 in plan, 
cutting the various jjlanes at 1, 2, 3, 4, and 5 on both sides. Now, 
from the various ix)ints of intersection on the various planes in 
plan, erect lines intersecting similarly lettcjred planes in elevation 
as shown at 1', 2', 3', 4', and 5 \ through which trace a line as 
shown, which represents the line of intersection Ix^tween the 
cylinder and right cone. 

For the pattern for the cylinder proceed as follows: Extend 
the line K L of the cylinder in elevation as shown by O P, placing 
the distance 1 from the margin line 2 J inches. Now starting from 
1, lay off on O P the stretchout of the section y* in plan, the spaces 
being designated by similar figures on O P. From these small 
fitrnres and at riorht anorles to O P, draw lines which intersect with 
lines drawn from similarly numbered intersections on the line of 
intersection in elevation parallel to O P. Trace a line through 

points thus obtained. Then will O P R be the full pattern for the 
cylinder. 

The pattern for the right cone is developed as has already been 
described in the Tinsmith's Course, and for that reason will be 
shown only the method how to obtain the pattern for the opening 
in the cone to miter with the cylinder. For this proceed as follows: 
Draw radial lines from I in plan through the intersections 1, 2, 3, 
4, and 5, cutting the outer cun^e E F G H at 1% 2% 3\ 4', and 5% 
re>six*ctively. Now with A B in elevation as radius and A^ as center, 
describe a short arc as S T. Place the arc as far above the margin 
line as the plan G, and have S T central between the jilan and 
margin line. From A^ drop a vertical line intersc^cting the arc S T 
at 1". Now starting from 1% set oflF on either side of the center 
line A^ 1'' the distances shown in plan from l''5''to4''to2''to3'', 
as shown by similar nmnbers on S T. From these points draw 
radial lines to A'. Now using A^ as center and with radii equal 
to A e'j A d\ A c\ A l\ and A a' in elevation, describe arcs 
intersecting respectively the radial lines A' 1" at ^% 2" 2" at d" d\ 
3' 3" at c' c\ 4" 4" aiV b\ and A' 5" at a" . Through these 
intersections trace a line as shown, which will be the desired 
Oldening. 
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PLATE II. 

This problem will give an examination on triangulation, being 
the development of an irregular solid whose bottom and top are 
round when viewed on horizontal planes, the top plane being cut off 
at an angle of 45° to the base line. First draw the base line 1 '-6', 
22 inches long, placing the ^x^int 1 ' 2 inches from the margin line, 
and the line I'-G' in the center of the sheet. Three inches above 
the bottom margin line draw the horizontal line l'-6' in plan; 
then with a as center and radius equal to one-half of l'-6' in 
elevation, draw the circle shown in its pro^xr position below the 
line I'-G' in elevation. Kow J inch to the right of a on the line 
I'-G' in plan, establish J, which use as a center, and with |J-inch 
radius describe the inner circle 1-3-0-^, which represents the 
upjper horizontal plane of the irregular article. From the points 
1 and 6 in plan, erect the vertical lines 1-1 and 6-0, making the 
height of the line 1-1 above the base line I'-G' in elevation 
3| inches, and from tlio point 1 in elevation draw the line 1-6 at 
an angle of 45° intersecting the vertical line 6-6 at 6. Now draw 
lines from 1 to 1' and from 6 to 6', which completes the elevation. 

Now divide the half i)lan into an ecpial number of parts 
(in this case 5) as shown by the small figures 1' to 6'. In the 
same mamier divide the inner circle into the same number of parts 
as shown from 1 to 6. Now draw solid lines from 1 ' to 1, 2' to 2, 
3' to 3, 4' to 4, 5' to 5, and 6' to 6; and dotted lines from 1 to 2', 
2to3',3to4',4to5', and 5 to 6 ' . From the intersections 1' to 6' 
on the outer x^an, erect lines intersecting the base line in elevation 
from 1 ' to 6 ' . In a similar manner, from the intersections on the 
inner ciirve in plan erect lines intersecting the top plane of he 
article from 1 to 6. Now connect lines in elevation from 2 to 2', 
3 to 3', etc., although these lines are not necessary in the develop- 
ment of the pattern, but are given oply to show their relationship 
to similar lines in i^lan. The solid and dotted lines in plan 
represent the bases of triangles, which will bo constructed, whose 
altitudes are equal to similarly numbered vertical heights in 
elevation. The construction of these triangles is shown at B and 0, 
B representing the triangles on solid lines in plan, and C the 
triangles on dotted lines in plan. Construct these triangles as 
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follows: Extend the line I'-O' in elevation as E F, the point 6' 
on E F to be placed 1 inch from the margin line. Now take the 
various distances of the dotted lines in plan as 6' to 5, 5' to 4 
4 ' to 3, 3 ' to 2, and 2 ' to 1, and i)lace them on the line E F as shown 
by similar numbers. Now from the small figures 1, 2, 3, 4, and 5 
on the line E F, erect lines, which intersect by lines drawn from 
similarly numbered intersections on 1-6 , in elevation, parallel 
to E F, thus obtaining the points 1°, 2\ 3°, A\ and 5°. Then 
draw lines from 1° to 2', 2° to 3', 3° to 4', 4° to 5', and 5° to 6', 
which will represent the diagram of triangles on dotted lines in 
plan, the slant lines representing the true lengths on the finished 
article. In precisely the same manner obtain the diaft:ram of 
triangles B on solid lines in plan. For example, take the disUince 
of 2-2' in plan, and place it as shown by 2-2' on the line E F; 
from 2 at right angles to E F draw the line 2-2° equal to the 
vertical height to 2 in elevation, and draw a line from 2° to 2', 
which is the true length on 2-2' in plan. It now becomes 
necessary to obtain a true section on the line 1-6 in elevation. 
Therefore at right angles to 1-6 and from the various intersections 
1 to 6, draw lines as shown. Now measuring in each instance 
from the line l'-6' in plan, take the various distances to points 
2, 3, 4, and 5, and place them in A on similarly numbered lines, 
measuring in each instance from the line 1-6 in elevation, thus 
obtaining the points 2*^ to 5*^. A line traced as shown will be the 
half section on 1-6 in elevation. 

For the pattern proceed as follows: Draw any line as 1-1' in 
Gr equal to 1-1' in elevation. Now with radius t?qual to l'-2' 
in iJan, and 1' in G as center, describe the arc 2'. Then using 
1 in G as center, and 1 °-2 '^ in C as Fadius, intersect the arc 2 ' in G. 
Now with radius equal to 1-2'^ in the true section, and 1 in G as 
center, describe the arc 2, which intersect by an arc struck from 2' 
as center and with 2°~2' in B as radius. Proceed in this manner, 
using alternately as radii, first the divisions in the outer cur\*e 
in plan, then the hy^xithenuses or slant lines in C; the divisions 
in the true section A, then the length of the slant lines in B, 
following the numbers in regular order imtil the last line 6-6' in G 
is obtained, this line being obtained from 6-6' in elevation. Trace 
!IiK»s as shown from 1 to 6 andfrom 1' to 6', which give the half 
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pattern. Trace the other half opposite the line 1-1' as shown by 
6^ 6\ Then will 6-1 -6^-6^-1 '-6' be the full pattern with joint at 
6-6' in elevation 
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VENTILATION WORK * 



. In the illustration is shown a system of ventilation, in whicli tlie various 
pipes are led from brick or metal flues to the attic as shown, and connected 
to the sheet metal drum. 

This drum is made in size ec|ual to the combined area of all pipes entering 
same. The drum is set upon a wooden platform as shown and has a clean-out 
door made large enough to admit a man's body. Steam coils are placed iiLside 
to create a suction, when the heated air rises through the ventilator. The drum 
is connected to the ventilator as shown, the bracing of the ventilator being 
fastened to the inside of the curb. 

The detail at the right shows the connection joint between the pipe and 
drum, while that at the left shows the construction of the metal door and frame, 
with method of fastening to the body of the drum. 

♦The illustration referreti to will be found on the buck of ihis page. 
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ELEVATION 



PROBLEnS FOR LIGHT GAUGE HETAL. 

It is often the case that the sheet 
metal worker receives plans for 
vent, heat, or blower pipes to be 
constructed, in which the true 
lengths and angles are not shown 
but must be obtained from the 
plans or measurements at the 
building. 

Figs. 65 and 00 show the prin- 
ciples employed for obtaining the 
true angles and lengths in oblique 
piping, it being immaterial whether 
the piping is round, square, or oval 
in section. The only safe way in 
obtaininop these ancjles is to use the 
center line as a basis and after this 
line has been obtained, build the 
pipe around it, so to sj)eak. In Fig. 
05 let A B C represent the eleva- 
tion of the elbow shown in plan by 
D E. Throucrh the center of the 
pipes draw the center line abed 
which intersect the center lines of 
the pipe in plan ^i e andyl In ele- 
vation the rise of the middle piece 
B on the center line is equal to // c 
and projects to the right a distance 
equal to h //, shown in plan hy e f\ 
this same pipe projects forward in 
plan a distance ecpial Una, While the miter lines in elevation < j 
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and k I have lieeii drawn straight, they would in reality show curved 
lines; those lines have not been projected as there is no necessity 
for doincr so. 

With the various heij^hts and projections in plan and eleva- 
tion the true lenorth and true angles are obtained as shown in Ficj. 




TRUE LENGTH AND 
ANGLES 



Fig. 66. 

on, in which draw the horizontal line <^ /equal to ^' f'ui plan in 
Fig. 65. Take the height from // to r and ])lace it from /* to e in 
Ficr. GO on a vertical line erected from f. Draw a line from e to 
c which is the true length on the center line of the pipe shown by 
B in elevation in Fig. 05. From the points c and e in Fig. 00 
draw perpendicular lines, making Y e X and X (^ Z = the true angles 
shown by a h X and X c d respectively in Fig. 05. On either 
side of the center line in Fig. 00 lay off the half diameter of the 
pipe as shown, and in its proj)er position draw the profile W. 
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Divide this into equal Bpac«^s and obtain the pattern A B D E (' 
ill tbe usual manner. As both angles are similar tliu miter cut 
C ED fan be used for all of the jwttenis. In drawini^ this prob- 
leiri foi; praftic*! make the diameter of the pijie ^ inebes, tbe height 
from A to c iijj inches in Ki;j;. li.j, the projei-tion !• to // '^'■^ luehes, 
and the projection in plan o to n 5^ inclies. 

Our next probleTii is that of a rain Mater cnt off, a [HTSpective 
view of which is shown in Fig. 1)7. While the miter tuts m tins prob- 
lem are similar to elbow work the iiiterse(tioii betweui the two 
beveled arms, and the cnt-off or slide on the inside riquiie atten- 
tion. Make tbe diameter of the 
three open ill <fB each 2 inches; A 
to B(Fig.f»8) li inches. From 
B at an angle of 45" draw B C 8^ 
inches and C D 2 inches. From 
(i draw the vertical miter line 
O /', Make thedistanoB from B 
to T A inch. Place the line d e 
of tbe cut-off ^ inch above the 
line T U aa indicatei^l at ii and 
the line c r to the right of h (J, aa 
indicated b^ b, a distance of -^^ 
inch. Parallel to G II draw cd 
giving slight play room between 
(i H, intersecting c '/ and n <■ at il and '■ respectively. From '■ at right 
angles to d c, draw a line as shown, intersecting /' (i at f, which is - 
the pivot on which the cut-oft e d i: will turn either right or left. 
The angles of the pijies on opposite sides are constructed in similar 
manner; A B C U E F G H IJ K L M will be the elevation, N, 
tbe section on A M and O P R S tbe section on I J. B T U L 
shows liow far the upjwr tnlw projects into the Ixidy under which 
the scoop e d c tnrns right and left to throw the rain water into 
either elbow as desired. The pattern for the upjier piece A T U M 
is a straight piece of metal whose circumference is equal to N. 

For the pattern for (A), divide tbe half section O P 11 into 
equal spaces as shown, from which erect lines intersecting tbe miter 
line II K as shown, and from which, parallel to K L and II (i, draw 
lines intersecting the joint '-'les G //. L «3 shown. As none of the 
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lines just drawn intersect the corner //, it will be necessary to ob- 
tain this point on the half section O P li from which the stretch- 
out of the pattern is taken. Therefore from //, jmrallel to L K 
draw h h' intersecting II K at //, from which, parallel to K J, drop 
a line intersecting the profile O P K S at li\ At right angles to 
L K draw stretchout of () P R S as shown by similar numbers on 
T* IP, through which at right angles to T* T' draw lines which are 
intersected by lines drawn at right angles to L K from similar in- 




ELEVATION 




tersections on G h L and II K. A line traced through points thus 
obtained as shown by X Y Z V W will be the pattern for (A). 
From y' in the elevation at right angles to L K project a line inter- 
secting the miter cut X Y Z at f andy". At/" and /" holes are 
to be punched in w'hich the pivot y*of the scoop ed e in elevation 
wmU turn. 

While the pattern for (B) can be obtained as that for (A) was 
obtained, a short method is to take the distance K to J and place 
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it as shown from W to J' and V to J- on the lines of the pattern 
X W and Z V respectively extended. W V J" J' will be the pat- 
tern for B, 

To avoid a confusion of lines in the develojfment of the scoop 
or cut-off r (1 e^ this has been shown in Ficr. 69 in which d e c is a 

CI 

reproduction of //^^ c in Fig. 68. A true section of the scoop must 
now be drawn on ,c e in Fior. 69 so that its dimensions will allow 
it to turn easily inside of the joint line G // in elevation in Fie;. 
68. Therefore draw any horizontal line as 4 5 in Fig. 69, at right 
angles to which from /'draw a vertical line intersecting 4 5 at /'. 
Now take a distance -^^ inch less 
than one-half the diameter of O li 
in Fig. 68, and place it in Fig. 69 
on either side of the line 4 5 on the 
vertical line just drawn as shown 
from f to 2 and f to 2'. Extend 
</ r till it intersects 4 5 at 4. Draw a 
line from 4 to 2'; by bisecting this 
line we obtain the line a h intersect- 
ing 4 5 at /. Then with / as center 
and / 2' as radius, describe the arc 2' 2. 
From 2 and 2' draw horizontal lines equal to f e as shown by 2 1 
and 2' 1'.^ Then will 1 4 1' be the true section on ,/• e. Divide 
the half section into equal spaces as shown from 1 to 4, from which 
erect lines intersecting r /' and e d. Extend ,e e as .t /, upon which 
place the stretchout of 1 4 1' as shown by similar numbers on ;/• /, 
through which draw vertical lines. These lines intersect with hori- 
zontal lines drawn from similar intersections on d e c. Through 
points thus obtained draw the line 1 7i V nt which is the desired 
pattern. As the pivot hole /'falls directly on line 2, then f"'f" 
will be the position of the holes in the pattern. Laps must be 
allowed to all patterns. 

In putting up rectangular hot air pipe it is often the case 
that the pipe will be placed in the partition of one story, then has 
to fall forward and twist one quarter way around to enter the par- 
tition of the upper story which runs at right angles to the lower 
one. A perspective view showing this condition is shown in Fig. 
70, where the upper opening turns one quarter on the lower one 
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and leaning tu tlie rigbt as much as iis sliown in Fig. ~1 in plan. 
This [iroblein i» known as a trannition piece in a rwtangnlar pi|)e. 
Full size nieHBurenieiits are given in Fig. 71 whicli eliould l)e 
drawn one-lialf size. The height of the transition piece is 1 foot 
S inches, the size of the openings, each 4x10 inches tnrned aB 
sliown, two inches to the left and two inches above the lower section 
as shown. From the plan conatrnct the front and side elevations as 
shown hy the dotted lines. A B C I> and E F ft H will then he 
the front and side elevations of the transition piece respectively 



FRONT ELEVATION 



i 




Fig. 70. 



FiR. 71. 



equal to 20 inches or 10 inches for practice. Number each side 
of the plan ('/), (A), ('■), and {if). Through the front and side 
elevations draw the vertical and horizontal Hues S T and U V 
respectively at pleasure. ITiese lines are only used as bases for 
measurements in determining the patterns. For the pattern for 
the side marked (a") in plan take the length of B and place it 
on the vertical line B (' in Fig. 72. Through the points B and 
draw the horizontal lines E F and II (i, making B F and B E, 
and C G and C H ei|ual respectively to the distances measured from 
the line 1' V in Fig. 71 to points F, E, G. H. Draw lines from 
E to II and F to <t in Fig. 7i2, which is the pattern for (a). 
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• For tlie pattern for (h) in Fig.,71 take the distance of A I), 
and place it as shown hy AD in Fig. 72; throngh A and T) draw 
E F and 11 G, niakincr A F and A E, and J) G and D 11 equal 





G D 



respectively to the distances measured from the line U V in side 
elevation in Fig. 71 to points F, E, G, 11. Draw lines from E 
to 11 and F to G in Fig. 72, which will be the pattern for(b). In 
similar manner ol)tain the patterns for (c) and (d ) in plan in Fig. 71. 
The lenrrths of E 11 and F G are placed as shown hy similar letters 





Fi^. 73. 



Fig. 74. 



in Fig. 72, while the projections to A, IJ, (\ 1) are obtained 
from A, B, C\ D in front elevation in Fig. 71, measuring in 
each instance from S T. 

If desired the top and lower flange shown in the perspective 
in Fig. 70 can be added to the patterns in Fig. 72. I^ps are 
allowed to the patterns to allow for double seaming at corners, if, 
howwrer, the pattern should be required in one piece, it would only 
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Iw necessary to ioiii the various pieces in tlieir proj)er positions aa 
Bliown hy u i1 h >■ in Fiir. T3, wliicb would bring the seam on the 
e J N in plan in Fig. 71. 
In Fig.T-tisshown aper- 
spective view of a curved 
reetangnlar cbnte the con- 
struction of which arises in 
piping and blower work. The 
problem as here presented 
shows the sides u and ir in 
vertical planes having the 
same height, while the bot- 
tom h has more width than 
thetop''. The top opening 
is to rise above the bottom 
opening a given distance 
_ , equal to ('. First draw the 
r?-^ plan and elevation as shown 
!j^^ in F'ig. 75, make A Bequal to 
-H*i 2 inclies, B8 2A inches; with 
z^ a radiiiB equal to i inch, with 

II as center draw the quarter 
circle 8 2. From 2 draw the 
vertical line 2 C equal to 1| 
inches and draw C Dequal to 
1^ inches. Make U 1 equal 
to (• 2 and using •/ as center 
and " 1 as radius draw the 
arc 1 h. From A draw a 
line tangent to 1 A as A 7. 
A JJ C I) will be the plan of 
the chute. In line with A B 
draw the section S T U V. 

III line with D C draw the 
section E F I II as shown. 
Place the desired rise of the 
chute as shown by F / in ele- 
ine as / K, which intersect by 
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a line drawn from A B in plan as shown. Make K J equal to F E 
and draw the lines F J\, K J, and E J, J H. F E J K is the eleva- 
tion of the outside curve, H I K J the inside curve, F I K the 
bottom, and E H J the top. 

Having the plan and elevation in position we will first draw 
the pattern for the two vertical sides. For the pattern for the side 
of the chute shown by B C in plan proceed as follows: Divide 
the inner curve 2 to 8 into equal parts as shown by 2-4-6and 8, 
from which points drop lines intersecting the inside of the chute in 
plan IIJKIas shown. Atright angles to J K draw LM, upon which 
place the stretchout of B C in plan as shown by similar letters and 
numbers on L M, through which draw vertical lines which inter- 
sect lines drawn parallel to L M from 11 J. Through points thus 
obtained draw the line R 2^' 4^ 6^ 8^'N. The same method can 




6' 
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6 



6 7 

Fig. 76. 

be employed for the curve PO, but as the height II I and J K are 
equal, having a common profile B C, take the height of H I or J K 
and place it on vertical lines as R P and N () and trace the curve 
li N as shown by P O. W O P R is the pattern for C B in plan; 
To obtain the pattern for the outside curve divide the curve 1-7 
into equal parts as shown, from which drop vertical lines inter- 
secting similar j)oints in E J K F, in elevation at right angles to 
E F draw W X, upon which place the stretchout of DA in plan aa 
yhown. From the divisions on W X drop vertical lines, which 
intersect by lines drawn from similar numbered intersections on 
K J. Trace a line through these points as shown by ^*y and draw 
fl e as explained in connection with the inside pattern, e d ef\Q 
the pattern for the outside of the chute shown in plan by D A. 

As both the top and bottom of the chute have the same bevel, 
the pattern for one will answer for the other. Connect opposite 
]>oints in plan as shown from to 1 to 2 to 8 up to 8, then to A. 
In similar manner connect similar points on the bottom in eleva- 
tion as shown from 1 to !2 up to K. The lines in phm rej)resent 
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tile l)aacs of tlie aeclioiia whose altitudes aie equal to tbw varioiie 
heights ill elevation, measured from / K, Take the various lengths 
from :i to3 to4 to5 to() to7 to8 to A in plan and place them as shown 
by simitar numbers on the horizontal line " h (Fig. 76); through 
a h draw vertical lines, equal in height to similar numl<ers in ele- 
vation, in Fig. 7"), measured from the line / K. For example take 
the distance 4 5 in plnii and place it as shoMu by 4 i) in Fig. 70. 
Erect [ier|)endicularB 4 4' and 5 5' equal to 4" 4 and 5" 5 in eleva- 
tion in Fig. "i. i)raw a line from 4' to 5' in Fig. 7<i. whit-b is the 
true length of 4 "> in plan in Fig. 75, Proceed in similar manner 
for the bakiR-e of the sections. Take a tracing of 1 2 C I> in plan 
and place it as shoMii by 1, 2, C, I) in Fig. 77, Kow nsing 1 as 





center and 1^' ^J"-' in (.'■). in Fig. 75, aa rmlius, descrik^ llie arc- at 
!i, in Fig. 77, which is intersected by an are, wtrnck from :2 as 
center, and 2' 3', in Fig. 7fi, as radius. Now with radius equal to 
■-'^' 4^' in ( Y) ill F'ig. 75 and 2 in Fig. 77 as center, describe the 
iiic at 4 which is intersected by an arc. struck from 3 as center and 
iJ' 4'. Fig. 7fi. as radius. Proceed in this manner, using alternately 
as radins, first the divisions in the {wttern (X), Fig. 75, then the 
slant lines in Fig. 7((. the divisions in the pattern (Y). Fig. 75. 
then again the lines in F'ig. 70 until the line 7 S, Fig. 77, has been 
obtained. Then nsiMg7 as center, with a line equal to 7\r"in (\\ 
Fig. 75, as radius, descrilw the arc A. Fig. 77. which is inter- 
sected by un arc struck from 8 as center and S' A, F'ig. "H. 
as radiu.'i. Then with radius, equal to Sv N in (V), F'ig. 75, and 
S. Fig. 77, as eeiiU-r. .le.,cribc the arc H. which is Inlersectetl 
byairaic. strm-k from A us center an.l A W \n plan in Fig. 75 
as radins. Trace lines through j-obils ihu.s obtained in Fig. 77, 
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and A B C D will be the desired pattern. Laps must be allowed 
on all patterns for double seaming the corners. 

In Fig. 78 is shown a perspective view of a hopper register 
box usually made from bright tin or galvanized iron in hot air 
piping. In drawing this problem, the student should first draV 
the half plan, making the semi- 
circle 8| inches diameter, and 
})lacing it directly in the center 
of the rectangular top, which 
is 8^ inches wide and 5| inches 
long. Draw the elevation from 
the plan as shown by A 13 C D 
E F G H, making the vertical 
height V W, 2| inches, and the 
flanges at the top and bottom 
each it inch. I K L M in plan 
is the horizontal section on A B 
in elevation and O P R the sec- 
tion on E F. 

The pattern will be devel- 
o[)ed by triangulation, and the 
first step is to develop a set of triangles. Divide the quarter circle 
() K into equal spaces, as shown by the numbers 1 to 7 in j)lan, from 
which draw lines to the apex M. These lines re])resent the bases 
of triangles whose vertical height is equal to V W in elevation. 
Therefore, in Fig. SO, draw any horizontal line as T U, upon which 

place the various lengths M 1, M 2, M 8, etc.) 
^^ Fig. 79) as shown by similar numbers on 

T U. From T U erect the line T S equal to 
the vertical heiirht V W (Fig. 79). Then 
draw the hypotenuses SI, S 2, S H, etc., ii; 
j6~^7"^ ' Fig. 80, which represent the true lengths of 
Fig. 80. similar numbered lines in ])lan in Fig. 70. 

For the half ])attern with seams on I O and 
I^ K in plan, take a tracing of D V W in elevation and ])lace it 
as shown by D V 7 in Fig. 81. Now using 1) as center, and with 
radii equal to the various slant lines in Fig. 80 from S 1 to S 7 
strike small arcs as shown from 1 to 7 in Fig. 81. Set the dividers 
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equal to the spaces contained in O Iv, in Fig. 711, and starting from 
point 7, ill Fig. 81, step from one arc to another until 1 is obtained. 
Then using 1 as center and E 1) (Fig. 79) as radius describe 
the arc D' in Fig. Rl. With D as cenler and M I in plan in Fig. 




Fig. 81. 
7!1 as radius, driiw niiother arc intersecting the one previously 
drawn at jr. Di-awa Hnefroml to D' toD in Fig. Sl,7 1 D' t> V' 
is the quarter |)atter[i, and the left-hand side of the figure may !>« 
made by tracing the quarter pattern reversed as shown by V C D" 
1' 7. Take the distance of the tiange D A in elevation in Fig, 7'.t 
and place it at right angles to the line IV D. 1) C, C D" as shown 
respectively by A" A', A A° and A^ A'', which completes the half 
pattern with laps allowed as shown 

The jiattern for the collar E F G H in 
elevation in Fig, 7!) is simply a straight 
strip o^ m*jtal, equal to the circumference 
ofO I'Kin plan. 

It is often the case that two unequal 
[lipes are to be connected by means of a 
transition piet^^e as shown by A in Fig, 82, 
the ends of the pijies being cut at right 
angles to each other. As the centers of 
both pi])es are in one line when viewed in plan, making both 
halves of the transition piece e<pial. the problem then consists of 
develojiing a transition piece, from a round base to a round top 
placed vertically. Therefore in Fig. 83 draw 1 5 equal to 2^ inches, 
and at an angle of -trydi-aw 5 (1 1^ inches. At right angles to 1 5 
draw (1 10 4 inches long and draw a line from 10 to 1. On 1 5 draw 
the semicircle I -V 5, iind on fi 10 draw the semicircle S' 10. 
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Divide Inith of these into equal spaces as shown, from which draw 
lines perpendicular to their respective base lines. Connect opposite 
points as shown by the dotted lines, and construct a diagram of 



%fv^ . itP^^tl 



7 S 9 10 



sections as shown in Fig. ^4 whose i>ages and heights are equal to 
similar nurniwred bases and heights in Fig. 83. For example, take 
the distance 4 H and place It as shown by 4 8 in Fig. 84, from wliich 
]xiint8 erect the vertical lines 4 4' and 8.8' eqnal to 4 4' and 8 8' in 
Fig. 8B. Draw a line from 4' to 8', Fig. Hi, which is the tnie 




Fig. 8r>. 



Fig. 86. 



length on similar line in Fig, 8B, For the pattern take the dis- 
tance of 1 10 and place it as shown by 1 10 in Fig. 85. Using 1 
as center, and 1 3', Fig. 83, as radius, describe the arc 2 in Fig. 85; 
intersect it by an arc struck from 10 as center and 10 2', Fig. 84, 
as radius. Then using 10 if in Fig. 83 as radius, and 10, Fig. 85, as 
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center, describe the are 9, and intersect it by an arc struck from 2 
as center, and .2' 9', Fig. 84, as radius. Proceed in this manner 
using alternately as radii, lirst the divisions in the half profile 
1 3' 5, Fig. 83, then the length of the proper hypotenuse in Fig. 
84, then the divisions in 6 8' 10 in Fig. 83; then again the hypot- 
enuse in Fig. 84 until the line 5 6 in Fig. 85 has been obtained, 
which is e(jual to 5 6 in Fig. 83. Laps should be allowed for 
rivetintr and seaming as shown. 



ELEVATION 




e PLAN ^ 



Fif(. 87. 



Li Fig. 8() is shown a perspective of an offset connecting 
a round pipe with an oblong pipe, having rounded corners. 

The lirst step is to j)roperly draw the elevation and plan as 
shown in Fig. 87. Draw the horizontal line A B equal to one 
inch, B 5' one inch, and from 5' at an angle of 45*^ draw 5' 6' equal 
to 2^ inches and 6' C 1| inches. Make the diameter C D 2| inches 
and D/0' 1? inches. Make A 1' i inch and draw aline from 1' to 



164 



SHEET METAL WORK 



89 



8' ___^____j;2;3' 




-h4' 
5' 



10' which completes the elevation. Directly above the line A B 
draw the section of the oblong pipe, making the sides 1 1 and 5 5 
equal to lA inches, to which describe the semicircles on each end 
as shown. In similar manner draw the section on D (\ which is 
shown by S 10 S. A duplicate of the oblong pi|)e is also shown 
in plan by E F, showing that the centers of the pipe come in one 
line, making both halves symmetrical. 

The patterns for the pi])es will first be obtained. Divide the 
semicircular ends of the oblong section into ecjual parts, in this 
case four, also each of the semicircles of the round pipe in similar 
number of parts as shown respectively from 1 to 5 and () to 10. Draw 
vertical lines from these intersections cuttincj the miter line of the 
oblong pipe at 1' 2' 8' 4' 5' and the miter line of the round pipe at 
i\' r 8' {)' and 10'. In line with A B draw 
B M. u])on which ])lace the stretchout of 
the oblong [)ipe as shown by similar num- 
bers; from B M drop vertical lines inter- 
secting the lines drawn parallel to B M 
from similarly numbered points on 1' 5'. 
Trace a liiu* through points thus obtained, 

and P N () will be the pattern for the oblong |)ipe. A'ow take the 
stretchout of the round pi|)e, and place it on C II; erect vertical lines 
as shown intersecting the lines drawn parallel to C II from similar 
intersections on 0' 10'. I J II C is the pattern for the round ])i[>e. 

The transition ])iece 1' 5' ()' 10' will l)e developed by triangu- 
lation, and it is usual to obtain true sections on the liiu'S 1' 5' and 
(>' 10'; however, in this case it can be omitted because we have the 
true len<£ths of the various divisions on the lines 1' 5' and 0' 10' in 
the miter cuts in P and L respectively. 

The next step is to obtain a diagram of sections giving the 
true lengths, for which proceed as follows: Connect opposite points 
in elevation as shown from 1' to 0' to 2' to S' to iV etc., as shown. 
For exam|)le draw center Wuva through the oblong and round sec- 
tions as shown by <' ^> and c // respectively, and take the lent^th of 
1' 10' in elevation and place it as shown from 1 to 10 in Fig. 8S. 
From 1 draw the vertical line 1 1' ecjual to the height of 1 in the 
oblong section in Fig. S7 above the center line ff /». As point 10 
in plan has no height, it falls on the center line r d in plan, then 
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draw a line from 1' to 10 in Fig. 88. Now take the distance from 
1' to y in elevation, Fig. 87, and place it as shown from 1 to 9 in 
Fig. 88. Erect the lines 1 1' and 9 9' equal to points 1 and 9 in 
the oblong and round sections in Fig. 87, measured respectively 

*from the lines a h and c d. Draw a line from 1' to 9' in Fig. 87. 
Proceed in this manner until all of the.sections are obtained. For 
the pattern proceed as shown in Fig. 89, in which draw any verti- 
cal line as e 10 equal to 1' 10' in elevation in Fig. 87. Now, with 
one-half of 1 1 in pattern P as ^ 1 as radius, and e in Fig. 89 as 
center, describe tl^e arc 1 which is intersected by an arc struck 
from .10 as center and 10 1', in Fig. 88 as radius. With radius 
equal to 10" 9" in pattern L in Fig. 87, and 10 in Fig. 89 as center 
describe the arc 9, which is intersected by an arc struck from 1 as 
center and 1' 9', in Fig. 88 as radius. Now, using as radius 1" 2" 
in pattern P in Fig. 87 and 1 in Fig. 89 as center, describe the 
arc 2 which is intersected by an arc struck from 9 as center and 
9' 2' in Fig. 88 as radius. 

Proceed in this manner, using alternately as radii, first the 
divisions in the pattern cut I J, Fig. 87, then the length of the 
slant lines in Fig. 88, the divisions in the cut O N in Fig. 87, then 
again the slant lines in Fig. 88 until the line 5 6 in pattern. Fig. 

,89, has been obtained. Then using 5 as center and 1 e in P, Fig. 
87, as radius, describe the arc e in Fig. 89, and intersect it by an 
arc struck from as center and 0' 5' in elevation in Fig. 87 as 
radius. Draw lines through the various intersections in Fig. 89; 
10 ^ ^' 6 is the half pattern. By tracing it opposite the line c 10, 
as shown l)y /> 1' 5' <" 0' 10, the whole pattern, e e e* 6' 10 6, 
is found. Laps should be allowed on all patterns for seaming or 
riveting both in Figs. 87 and 89. 

In Fig. 90 is shown a perspective view of a three-way branch 
round to round, the inlet A being a true circle, and the outlets B, C, 
and D also being true circles, the centers of which are in the same 
vertical plane, thus making l)oth sides of the branch symmetrical. 
First draw the elevation and the various sections as shown in 
Fig. 91. Draw the center line a h. From h draw the center line 
of the branch C at an ^ngle of 58'' as shown by h <L Make the 
center lines // h and h d each 3i inches lonff. Make the half 
diameter of the branch B at the outlet JJ inch, and the full diam- 
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eter of tlie brani-h C at tlie outlet lA inches p!a(^ed on either side 
of and at rlglit ant^les to the center liiiew. Draw a line from •■ to/", 
and with / and h as centers and radii equal to | inch draw area 
intersecting each other at >■. Draw lines from /' to '- to //. In 
similar manner obtain A and the opposite half of B. A B V is 
th« elevation of the three branches whose sections on outlet lines 
ar« shown respectively by (i F and E and whose section on the 
inlet line is shown by D, 

The next step is to obtain a true section on the miter line or 
line of joint b c: Knowing the height A '■ and the width at the 




bottom, which is Hpial to the diameter of J>, the shape can be 
drawn at pleasure as shown in Fig. 92, h i 



[1 e(]ua] to i c, 
Fig. f)l, while A '/ and A /r are equal to the half diameter D in Fig. 
Stl. Now through « ',• </ in Fig. Hi draw the profile at ])leasnre as 
shown, which represents the true section on r h in Fig. Ul, 

As the side branches A and (1 ai-e alike, only one (Mittern will 
tie required, also a sej«rate pattern for the center branch both of 
which will be deveIo[)ed by triangulation. To obtain the njeasure- 
nients for the sections for the center branch B, proceed as siiuwn 
in Fig. tlJi where 14 5 8 is a reproduction of one-half the branch 
B in Fig. !!1. As the four quarters of this center branch are alike 
only one quarter pattern will be developed; then, if desired, the 
(piarter patterns can be joined together, forming one pattern. Now 
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take a tracinjr of <* h <i^ P^icr. 92, and ])lace it on the line 5 8 as 
shown in Fig. 1)3. Similarly take a tracing of the quarter profile 
F in Fig. 91 and place it on the line 4 1 in Fig. 93. Divide the 
two profiles 1' 4 and 5 8' each into the same number of spaces as 
shown respectively by points 1' 2' 3' 4 and 5 0' 7' 8', from which 
points at right angles to their respective base lines 1 4 and 
5 8 draw lines intersectincj the base lines at 1 2 3 4 and 5 7 8. 
Now draw solid lines from 3 to and 2 to 7 and dotted lines from 
3 to 5, 2 to t>, and 1 to 7. These solid and dotted lines rejjresent 





Fig. 91. Fig. 92. Fig. 93. 

tht- ha.-^es of the sections whose altitudes are e<]ual to the various 
heights of the ])rofiles in Fig. 93. The slant lines in Fig. 94 rep- 
resent the true distances on similar lines in FiiT- 1)3, as those in 
Fig. 95 represent the true distances on dotted lines in Fig. 93. 

For the pattern take the length of 1' 8', Fig. 94, and place it 
as shown by 1 8 in Fig. 9(>, and using 8 as center and 8' 7' in 
Fig. 93 as radius draw the arc 7, which intersect by an arc struck 
from 1 as center and 1' 7' in Fig. i)5 as radius. Then using 1' 2' 
in Fig. 93 as radius draw the arc 2, which intersect by an arc 
struck from 7 as center and 7' 2' in Fig. 94 as radius. Proceed 
in this manner until the line 4 5 in Ficr. yO has b«en obttinvd 
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which equals 4 5 in Fig. 93. Trace a line tlirouorh points thus 
obtained in Fig. 9(>, then will 1 4 5 8 1 give the quarter pattern. 

If the pattern is desired in one piece trace as sliown by 
similar figures, to which laps must be allowed for riveting. 

As the two branches A and C in Fig. 91 are alike, one pat- 
tern will answer for the two. Therefore let 1 7 8 11 14 in Fig. 
97 be a reproduction of the branch C in Fig. 91. Now take a trac- 
ing of a h e in Fig. 92 and place it as shown by IT 11 8 in Fig. 
97; also take a tracing of the half section E and the quarter sec- 
tion Din Fig. 91 and place them as shown respectiv'ely by 1 4' 7 and 




5 6 7 



Fig. 96. 






11 11' 14 in Fig. 97. Now divide the two lower profiles 8 11 and 
11' 14 each into 3 equal parts, and the upjier profile 7 4^ 1 into 
equal parts as shown by the small figures 8 to 11', 11' to 14 and 1 
to 7. From these points, at right angles to the various base lines, 
draw lines, intersecting the base lines as sliown by similar num- 
bers. Draw solid and dotted lines as shown, and construct the 
sections on solid lines as shown in Ficf. 98 and the sections on 
dotted lines as shown in Fig. 99 in precisely the same nianner as 
described in connection with Fitrs. 94 and 95. 

In Fig. 100 is shown the pattern shape (to which laps must 
be allowed for riveting) obtained as was the development of Fig. 
90. First draw the vertical line 1 14, Fig. 100, equal to 1 14 in 
Fig. 97. Then use alternately as radii, first the divisions in 1 4' 7 in 
Fig. 97, the proper slant line in Figs. 98 and 99 and the divisions 
in 11' 14 until the line 4 11, Fior. 100, is obtained. Startincr from 
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the point 11 use as radii in their regular order the distances marked 
off Iwtween 11' and 8, Fig. 97, then the proper slant lines in Figs. 
98 and 99, tlie distances shown in the semicircle, 1 4' 7, Fig. 97, 
until the line 7 8, Fig. 100, is drawn equal to 7 8, in Fig. 97. Then 
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Fig. 98, 



Fig. 99. 



1" 7 8 11 14, Fig. 100, will he the half pattern. If the pattern is 
desired in one piece trace 1 7' 8' 11' 14 op[>osite the line 1 14 
88 shown. 

In Fig. 101 ia sliown a perspective view of a two-branch fork 
oval to ronnd, commonly nsed as hreeching for two boilers. As 





Fig. 100. 



Fig. 101. 



both halves of the fork are symmetrical tlie pattern for one will 
answer for the otlier. 

While the side elevation sliown in Fig. 102 is drawn com- 
plete, it is only necessary in practice, to draw one halt aa follows, 
and then, if desired, the other half elevation can be traced opposite 
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to the center line EJ. First draw J I>, 11 inches, eijual to the 
half diameter of the outlet, and the vertical center height J V, 2^ 
inches. Establish the heitrht of the joint J E one inch, and the 
desired projection V T) on the l)ase line 1| inches. Draw the 
length of the inlet I) (' 2''^ inches, and draw a line from ( ■ to 13 
and D to E. Draw a similar figure opposite the line J E, and 
A B C D E F G shows the side elevation of the fork. In their 
|)roper position below A B draw the sections M and N whose 
semicircular ends are struck from (f h r and d with radii equal to 
A inch. Now draw an end elevation in which the true section on 
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Fig. 102. 

J E is obtained. Draw the center line f e and extend the lines 
A B and G C in elevation as A P and G S. Take the half diam- 
eter L J and place it on either side of c\fs,s show^n by O P. In a 
similar manner take the half diameter of the section N as d l and 
])lace it on either side of e f as shown by R S. Then O P S R 
shows the end elevation. Draw" E T intersecting ^ /'at T. Now^ 
draw the curve O T P, which in this case is struck from the center 
U, being obtained by bisecting the line O T. It should be under- 
stood that the curve O T P, which represents the true section on 
J E, can be made any desired shape, but when once drawn, repre- 
sents a fixed line. 
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The pattern will lie develoj>ed by triangiilation, for which 
diagrams of sections must he obtained from wluch to obtain meas- 
urements. Tht(se sections are obtained as follows: In Fig. 103 
14 5 12 13 is a reproduction of J B D K, Fig. 102. Ileproduce 
the quarter profile 11 L I, the half profile () T, and the half profile 
/« « <. as shown by 1' 1 4, 1" 13 1 and 12 9' H' 5 in Fig. 103. 
Divide the round ends in a each into 3 parteand tbe profiles and 
(■ also each into 3 spaces, as shown by the figures. Drop lines 
from these figures at right angles to the base lines from 1 to lo as 
shown and draw solid and dotted lines in the usual manner. While 
in some of the previous problems only dotted lines were drawn, we 





Fig. ion. 



£31514 1109678 

Fig. 105. 



have drawn both solid and dotted lines in this case, in order to 
avoid a confusion of sections. A diagram of sections on solid lines 
in Fig. 103 is shown in Fig. 104, the figures in both correspond- 
ing; while Fig. 105 shows the true sections on dotted lines. The 
method of obtaining these sections has beeQdescril)ed in connection 
with other problems. 

For the pattern draw any vertical line as 4 5, Fig. 100, equal 
to 4 5 in Fig. 103, Then with 5 0', Fig. 103. as radius and 5 in 
Fig. lot) as center draw the arc 0, intersecting it by an arc struck 
from 4 as center and 4 0'. Fig. 105, as radius. Then using 4 3', 
Fig. 103, as radius, and 4 in Fig. lOK as center, describe the arc 3, 
intersecting it by an arc struck from as a-nter and 0' 3' in Fig. 
104 as radius. Proceed in this manner, using alternately as radii, 
first the divisions in a in Fig. 103, then the slant lines in Fig. 
105; the divisions in r in Fig. 103, then the slant liiies in Fig. 
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104, DDtil the line 1 8, Fig. 100. iu obtained. Now nsing 8 as 
center and 8' W, Fig. 103, as radins draw the arc 9 in Fig. 106, 
intersecting it by an arc stnick from 1 as center and 1" 9', Fig, 
104, as radins. Then Htarting at 1 in Fig, lOH nse alternately as 
radii, first the divisions in /> in Fig. 108, then the slant lines in 
Fig. 105, the divisions in » in Fig. 103, then tlie length of the 
slant lines in Fig: 104 until the line 12 13 is obtained in Fig. 106, 
which equals 1"-J 13 in Fig. 103. Trace a line through points thus 
obtained in Fig. 100, then will 4 113 12 9 8 5 be the half pattern. 
If the pattern is deaired in one piece, trace this half opposite the 
line 4 5 as shown by 1' 13' I'S 9' 8', allowing laps for riveting. 

In Fig. 107 is shown a |)erspective view of a tapering flange 
around a cylinder [lassing throngh an inclined roof, the flange 




Fig. IW!. Fig. im. 

I>eing retrtangnlaron the roof line. The problem will lie developed 
by triangulation, a plan and elevation first Iieing rei]uired as shown 
ill Fig. 108. 

First draw the angle of the roof A B at an angle of 45°, 
through which draw a center line C D. From the roof line A B 
on the center line set off (t h e(jnal to 4 inches and through h draw 
the horizontal line E F, making B F and B E each one inch. 
Through '/on the center line draw the horizontal line (i II, making 
il II and (/ (i each two inches;. From II and (t erect per|)endiciilar3 
intersecting the roof line at K and L. Then draw lines from E to 
K and F to L, eom])leting the elevation. Construct the square in 
plan making the four sides equal to (i II, Bisect II I and draw 
the center line c i- intersecting the vertical center at iV . Then with 
radius equnl to b F or // E in elevation and '/' in plan as center, 
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draw the circle 14 7 4' representing the horizontal section on E V 
in elevation, while G II 1 J is the horizontal sectif)n on K L in 
elevation. As the circle in plan is in the center of the square 
making the two halves symmetrical it is only necessary to divide the 
semicircle into equal spaces as shown from 1 to 7 and draw lines 




Pig. 108. 

from 1, 2, 3 and 4 to G, and 4, 5, and 7 to H. Then will the 
lines in 1 G 4 and 4 II 7 represent the bases of triangles which 
will be constructed, whose altitudes are shown respectively by the 
vertical heights in K E and L F in elevation. Therefore draw hori- 
zontal lines through E F, K, and L as show^n by F O, K N, and L M. 
From any point as R and T on F O, draw the perpendiculars R S 
and T II respectively, meeting the horizontal lines drawn from L 
and K. Now take the various lengths in plan as Gl, G2, G3, and 
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G4 and place them on the line F O as shown by Tl, T2, T3 and Tl, 
from which points draw lines to U which will represent the true 
lengths on similar lines in plan. In similar manner take the dis- 
tances in plan from H to 4, to 5, to 6, to 7, and place them on the 
line F O, from K to 4, to 5, to (5, to 7, from which points draw lines 
to S which represent the true lengths on similar lines in plan. 

For the pattern take the distance F L in elevation and place 
it on the vertical line 7' L in Fig. 109. At right angles to 7' L 
draw L S equal to c II or r I in plan, Fig. 108. Draw the dotted 



line from 7' to S in Fig. 109, which should be equal to S 7 in W 
in Fig. 108. Now with radii equal to S \^ and S \ and S, Fig. 
109, as center, draw the arcs indicated by similar numbers. The 
dividers should equal the spaces in the semicircle in plan in Fig. 
108, and starting at 7' in Fig. 109, step from arc to arc of corre- 
sponding numbers as shown by ()', 5', 4'. Draw a dotted line 
from 4' to S. Then using S as center and L K in elevation. Fig. 
108, as radius, describe the arc U in Fig. 109, intersecting it by an 
arc struck from 4' as center and U 4, Fig. 108, as radius. Now 
using U ^, and IJ g in X as radii, and U, Fig. 109, as center, 
describe arcs having similar numbers. Again set the dividers 
equal to the spaces in plan in Fig. 108, and starting from 4' in 
Fig. 109 step to corresponding numbered arcs as shown by 3', 2', 1'. 
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Draw a iloltfd line from 4' to U to 1'. Witli X E in elevation, 
Fig. 108, as radiiiH, and 1' in Fig. 109 as center, describe the 
arc c intersecting it by an arc struck from U as center and G p in 
plan in Fig, 108 as radius. Draw a line connecting S, U, f, and 1'. 
7' 4' 1' ^ II S L 7' shows tlie balf pattern, which can be traced 
opposite the line T L to complete the full pattern as shown by 
7' 4'' l"Vr'S' L. 

One of the ditfieult problems often encountei-ed by the sheet 
metal worker is that of a cylinder joining a cune furnace top at 
any angle. The following prulileTn shows the principle to 1k' 
apjilied, no matter what size the furnace top has. or what size pijMi 
ia nsed, or at what angle the pijw is placed in |)lan or elevation, the 
principles being applicable under any conditions. 

Fig. llOsbowsa viewof acyl- 
inder intersecting a conical fur- 
nace to|), the pijie l)t-ing placed to 
one side of the center of the top, 
A B (I 1) i-epresents a |>ortioti of 
the conical tup, intersected by the 
cylinder E F (i II, the side of the 
cylinder II I to intersect at a 
given point on the conical top as 
at ir. This ]>robleni presents an 
interesting stndy in projections, 
intersections, and development, to 
which close attention should be 




Fig. 110. 



given. 
In Fig. Ill first draw tlie center line A X. Then draw the 
half elevation A li C D, making A B 1^ inches, (' J) 'Si inches 
and the vertical height X I) 2^ inches. Draw the line from B to 
C. Directly Ih-Iow C D draw the one-ipiarter plan using Z as 
center, as shown by Z C 1)' and in line with A B of the elevation 
draw the quarter jiian of the top as Z B' A'. I^t « in the eleva- 
tion represent the desired distance that the side of the cylinder Is 
to meet the cone alxive the Imse line as II in Fig. 110. From 'i, 
parallel to C D in Fig. Ill, draw it h. Then from " drop a ver- 
tical line intersecting the line Z ( ■' in pliui at "'. Then using Z as 
center and Z (/' as radius, descril.ie the ipiarter circle '(' //. Z a' V 
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in plan represents the true section on the horizontal plane a I \u 
elevation. Now locate the point where the side of the cylinder as 
11 in FifT. 110 shall meet the arc a V in plan, Fig. Ill, as shown 




Fig. 111. 
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at 3". Through 3" draw the horizontal line intersecting the center 
line at K', the outer arc at M* and extend it indefinitely to 3. 
From 3 erect the perpendicular equal to the diameter of the cylin- 
der, or Ig inches, bisect it and obtain the center c. Using c as 
center with c 7 as radius, describe the profile of the cylinder as 
shown, and divide it into equal parts from 1 to 8. From these 
points draw lines parallel to 3 K', intersecting the outer arc D' C' 
at N^ O^ P 11^ and the center line Z X at l\ G\ E\ A'. With Z 
as center and the various intersections from K' to A* as radii, 
describe the arcs K» L', V J\ G' H^, E^ F, and A' B». From the 
intersection B\ ¥\ 11^, J\ L' erect vertical lines into the elevation 
intersecting the side of the cone B C as shown by similar letters 
B F 11 J L. From these points draw horizontal lines through the 
elevation as shown respectively by A B, E F, G II, I J, and K L. 
These lines represent a series of horizontal planes, shown in plan 
by similar letters. For example, the arc E' F' in plan represents 
the true section on the line E F in elevation, while the arc G* IP 
is the true section on the line G II in elevation, etc. 

The next step is to construct sections of the cone as it would 
appear, if cut by the lines shown in plan by K' M', V N', G' 0',E' 
P*, and A* K^ To obtain the section of the cone in elevation on 
the line A* K' in plan, proceed as follows: At right angles to the 
line A^ K* and from the intersections on the various arcs, draw lines 
upward (not shown) intersecting similar planes in elevation cor- 
responding to the arcs in plan. A line traced through intersections 
thus obtained in elevation as shown from A to R, will be the true 
section on the line A' R^ in plan. For example, the line K' M' of 
the cylinder intersects the arcs at K^ 3" and M' resj^ectively. From 
these intersections, erect vertical lines intersecting K L,i ^^ and D C 
in elevation at K, 3', and M resj)ectively. Trace a curve through 
these points, then will K 3' M be the section of the cone if cut on 
the line K' M' in plan. In similar manner obtain the other sections. 
Thus the section line E P, G O, and I N in elevation, represent 
respectively the sections if cut on the lines E' P', G' ()*, and 1' N' 
in plan. Now from the given point 3" in plan erect a line which 
must meet the intersection of tlu^ plane Z» ff and section K M in 
elevation at 3'. From 3' at its desired ancrle, in this case 45 \ draw 
the line 3' 7. At any point as d at right angles to 3' 7 draw the 
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line 1 5 through //, makincr d 5 and </ 1 each eqnal to half the 
diameter of the cylinder shown in plan. With <y5 as radius and (/ 
as center draw the proHle of the cylinder in elevation, and divide it 
into the same number of parts as shown in V in plan, bei no; careful 
to allow the circle // in elevation to make a quarter turn, brintrinoj 
the number 1 to the top as shown. 

The next operation is to obtain the miter line or line of joint 
between the cylinder and cone in elevation^ J^y referring to the 
plan it will be seen that the point 7 in the profile dies in the plane 
of the section A' 11'. Then a line from the point 7 in the proHle 
il in elevation, drawn parallel to the lines of the cylinder, must cut 
the section A K which corresponds to the plane A' R* in plan as 
shown by 7' in elevation. The j)oints (> and 8 in the profile r in 
plan, are in the plane at the section E' P', then must the corre- 
sponding points T) and 8 in the profile d in elevation, intersect the 
section E P as sliown by (>' and 8'. As tlu^ points 1 5, 2 4, and 8 
in the profile <'in plan, are in the planes of the sections G^ 0\ 1* N\ 
and K' M* respectively, tlie corresponding points 1 5, 2 4, and ^ in 
the profile </ in elevation must intersect the sections (i (), T N, and 
K M respectively at j)oints 1' 5', 2' 4', and ;3' as shown. Trace a 
line through these points, wliich will show the line of intersection 
between the cone and cylinder. 

For the pattern for the cylinder, ])roceed as follows: At right 
angles to the line of the cylinder in elevation, draw the line T U 
upon which place the stretchmit of the profile // as shown ]>y sim- 
ilar figures on T U. In this case the sc^im of the pip<3 has been 
placed at 1 in d , Should the seam be desired at 3, 5 or 7, lay 
off the stretchout on Tl' starting with any of the given numbers. 
At riifht ancfles to l^ T from the small fitrurcs 1 to 1 draw lines 
which intersect with lines drawn from similar numbered intersec- 
tions in tlie miter line in elevation at riifht ann;les to 1' 1, result- 
ing in the intersections 1 to 5 ' to 1 in the ])attern. Trace a line 
through points thus obtained, then will V \ AV^ T be the develop- 
ment for the cylinder to which la|)S must be allowed for riveting 
to the cone as shown in Fi<r. 11^^ nnd seamintr the ioint T W in 
pattern in Fig. 111. 

AVhile the ])attern for the cone is ol^tained the same as in 
ordinary flaring ware, the method will l)e (lescril)ed for obtaining 
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tlie pattein for the opening to be cut into tlie cone. Before tliia 
can be done a plan view of the intersection between the pij)e and 
cone innst tirst be obtained as follows: From tlie various in- 
tersections 1' to 8' in elevation drop vertical lines intersecting 
lines drawn from similar niinilxTS in the prolile v in plan, thua 
obtaining the intersections 1" to W through which a line is traced 
which is the desired plan view. 



^!^, 




For the pattern for 
the opening in the 
cone, the outline of 
the half elevation and 
une-cjuarter plan with 
the various points of 
interse<^'tions l)otli in 
]ilau and elevation in 
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duction of similar 
pRrtsiu Fig. Ill, and 
has l>een transferred 
to avoid a confusion of 

j^ f- ^^ lines which would 

IR., I ONE QUARTER] , 

l\v*'.. /■ PLAN ( otherwiseoccurin ob- 

taining the pattern. 
Parallel to DCin Fig. 
112 from the various 
intersections 1' to 8' 
draw lines intersect- 
ing the side of the 
cone n from 1 to 8. 
Through the various 
intersections 1" to 8" 
in plan from the apex 
lines intersecting llm onter curve fmni 1 to 8' as shown. 
Extend the lineC IJ in elevation until it niei-ts the center line 1) A 
extended at E. Tlien using E as center, with Et'aiid E B as radii 
draw the ares (' F and IJ H refij)ectiVely. At any point as 2^ on 
the arc (' F hiy off the stretchout of the various points on D' C in 
plan from 2' to as slunvn by similar fignres on C F as shown 
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from 2^ to 0^. From these points draw radial lines to the apex 
E, and intersect them by arcs struck from E as center whose radii 
are equal to the various intersections on B C having similar numbers. 
Thus arc 4 intersects radial line 4^ at 4^; arcs 3, 5, and 2 intersect 
radial lines 3^, 5^, and 2^ at 3^\ 5^, and 2^', and so on. Trace a 
line through points thus obtained as shown from 1^ to 8^' which is 
the desired shape. If a flange is desired to connect with the cylin- 
der, a lap must be allow^ed along the inside of the pattern. 

COPPERSniTH'S PROBLEMS. 

In the live problems whicli will follow, particular attention is 
given to problems arising in the coppersmith's trade. While all 
the previous problems given in the course can be used by the cop- 
persmith in the development of the patterns where similar shaj)es 
are desired, the copper worker, as a rule, deals mostly with ham- 
mered surfaces, for which Haring patterns are required. The prin- 
ciples which will follow% for obtaining the blanks or patterns for 
the various pieces to be hammered, are ap[)lical)le to any size or 
shape of raised w'ork. The cop|>er worker's largest work occurs in 
the form of brewing kettles, which are nuide in various shapes, to 
suit the designs of the different architects who desijrn the work. 
In hammering large brewing kettles of heavy cop[jer plate, the 
pieces are developed, hammered, and fitted in the shop, then set 
together in the building, rope and tackle being used to handle the 
various sections for hammering, as well as in construction at the 
building. While much depends upon the skill the workman has 
with the hammer, still more depends upon the technical knowledge 
in laying out the patterns. 

In all work of this kind the patterns are but approximate, but 
no matter what size or shape the work has, the principles contained 
in the following problems are applicable to all conditions. 

In Fig. 113 is shown a perspective of a sphere which is to 1)© 
constructed of horizontal sections as shown in Ficr. 114, in which 
for practice draw the center line A 13, on which, using it as center, 
and with radius equal to 2j^ inches, describe the elevation of the 
sphere BCD E. Divide tlie quarter circle D (' into as many 
spaces as the hemi -sphere is to have sections, as shown by (J FG D. 
From these points draw horizontal lines through the elevation, as 
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sLowii by C E, F H, and G I. Now tliroiigli tlie extreme points 
as E 11, II 1, and 1 D draw lines intersecting tie center line B A 
at J, K, and 1> resjwetively. For the [mttern for the first section 
Z, take D 1 as radius, and using D' in 7} as center, describe the 
circle shown. For the pattern for tlie second sectioii Y, use K 1 
and K II as radii, and witli K' as center draw the arcs 1' 1- and IF 




FJ};. 1 



Fig. 114. 



II', From any jwiiit as H^ draw a line to the center K'. It now 
Ix'curiK'H nei'csMavy to draw a section, from whicli t!ie true lengtli 
of the patterns can be obtained. Therefore with A F as radius, 
df.scrilie tlie ipiarter circle F L, which divide into e<jnal spaces, as 
shown by the fignret- lto5. Trt-t the dividers lieeqnal to one of those 
fijwccs and starting at IP on thi> mifrr ■in- in Y' step off four times 
the amount i'()nt)iined in the innirter section F L. as shown from 1 
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to 5 to 1 to 5 to 1 in Y'. From 1 or II- draw a line to K'. Tlien 
will 11- I' I' H' lie tile jmtteni for the Bectiori Y in eli-valioii. 

For tbe ]«tterii for the third sivtion. line J hh i-ejilcr, and with 
radii eqml to J H ai d J E draw the arcs II 11' ajid K VJ. Now 
set tbe dividers eqiml to one of the eijiial spaceB in F L and starliiif^ 
from II set off four times the aiiioinit of L F as ebowii from 1 to 5 
to 1 to 5 to 1 on the iiiiirr mrer 11 11'. From tlie apfx .1 tiirougli 
II' draw u line intersect in if the outer curve at E'. K E' II' II 
shows tbe pattern for the center set'tion. It will be noticed iu the 
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Y' we space off on the outer curve, 
the BRUie anionnt of material i 
they join together when the ball h 
raised. To all of the patterns laps 
must be allowed for brazing oi 
soldering. Tbe patterns shoMU 
are iuone piece; in practice where 
tbe spheiX) is large they are njade 
in a number of sections. 

In Fig. 115 is shown the per- 
spective view of a circular tank w 

an ogee. Tlie portion for which the patterns will be det 
indicated by A A, made in four sections, and nveted i 
by a h c ih 

Fig. llfi shows bow the pattern is developed when the center 
of the ogee is flaring as shown from iJ to i in elevation. First 
draw the elevation A U (' D, making the diameter of A B equal 
to 7 inches, tbe dianu'ter of U C 4 inches, and tbe vertical height 
of the ogee 1^ inches. Through tbe center of the elevation draw 
tbe center line/'/', and with any ixiint upon it as i, draw tbe half 
plan through A B and D in elevation as shown respectively by 
E F and II G. Now divide the curved parts of the ogee into 
e<|ual spaces as shown from 1 to 3 and 4 to 6. Draw a line through 
tbe flaring portion until it meets the center line/'// at,/. /" will, 
therefore, Iw tbe center with which to strike tbe pattern. Take 
the stretchout of tbe curve from B to 1 and 4 to 1) and place it on 
tbe daring line froui 3 to 1' and 4 to fV as shown by the figures. 
Then will 1' 0' be tbestretcbont fortheogee. It should 1ki under- 
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stood that no hammering is done to that part shown from 3 to 4. 
The portion shown from 3 to 1' is stretched to meet the required 
profile 3 2 1, while the lower part 4 to 6' is raised to conform with 
the lower curve 4 5 6. Therefore, knowing that the points 3 and 4 
are fixed points, then from either of these, in this case point 4, 




Pig. 116. 

drop a vertical. line intersecting the center line E F in plan at a. 
Then wHth / as center and i a as radius, describe the quarter circle a e^ 
and space it into equal parts as shown by c/, />, <•, r7, e^ which represent 
the measuring line in plan on the point 4 in elevation. Using ;' 
as center, and j 6', j 4, j 3 and^* 1' as radii, draw the arcs 1"-!'", 
3"-3"', 4"-4'" and 6"-6'" as shown. From l"draw a radial line to / 
intersecting all the arcs as shown. Now starting at 4" step off on 
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the arc 4"-4'" twice the stretchout of the quarter circle a e as shown 
by similar letters a to e to if' in |)attern. From / draw a line 
through a' intersecting all -of the arcs as shown. r'-l"'-(y"-0" 
shows the half pattern for the ogee. 

While in the previous 
])roblem the greater part of 
the ogee w^as flared, occasion 
may arise where the ogee is 
composed of two quarter cir- 
cles struck from centers as 
shown in Fig. 117. First 
draw the center line A B, 
then draw the half diameter 
of the top O V equal to 3^ 
inches and the half diameter 
E D 1| inches. Make the 
vertical height of the ogee li 
inches, through the center of 
which draw the horizontal line 
(I 1), From C and D draw ver- 
tical lines intersecting the 
horizontal line a J, at a and h 
resjxictively. Then using k 
and 1) as centers with radii 
e(jual respectively to a C and 
h I) draw the quarter circles 
shown completing the ogee. 
In the quarter plan below 
w^hich is struck from the cen- 
ter F, G J and II I are sec- 
tions respectively on D E and 
C C in elevation. The meth- 
ods of obtaining the patterns in 
this case are slightly different 
than those employed in the previous problems. The upper curve 
shown from C to e will have to be stretched, while the lower curve 
shown from ^ to D will have to be raised. Therefore in the stretch- 
out of the pattern of the uj)per part from 1' to 3 and 3 to 5' the 
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edges must be stretched so as to obtain more material to allow the 
metal to increase in diameter and conform to the desired shaj^e 
shown from 1 to 3 and 8 to 5. In the lower curve the opposite 
method must be employed. While in the upper curve the edges 
had to be stretched to increase the diameters, in the lower curve 
the edges must be drawn in by uu'ans of raising, to decrease the 
diameter, because the diameters to the points 5" and D' are greater 
than to points e and (J, 

To obtain the ])attern for the upper curve C e which must be 
stretched, draw a line from C to <'\ bisect it and obtain r/, from 
which erect the perpendicular d 3 intersecting the curve at 3. 
Through 3 draw a line parallel to C <• intersecting the center line 
A B at m. Now divide the curve C e into equal spaces as shown 
from 1 to 5 and starting from the point 3 set off on the line just 
drawn on either side of 3 the stretchout shown from 3 to 1' and 3 
to 5'. 1' 5' shows the amount of uiaterial recjuired to form the 
curve C r. In this case 3 re])resents the stationary point of the 
blank on which the pattern will be measured. Therefore from 3 
drop a vertical line intersecting the line F 11 at 10. Then using 
F as center and F 10 as radius, describe the arc 10 10, and divide 
it into equal spaces as shown from 10 to 10. Now with radii equal 
to in 5', m 3 and in 1', Fitr. 117, and with nt in Fig. 118 as can- 
ter, describe the arcs 5 5', 3 3' and 1 1'. Draw the radial line m 1 
intersecting the two inner arcs at 3 and 5. As the arc 3 3' repre- 
sents the .stationary ])oint 3 in elevation in Fig. 117, then set the 
dividers equal to the s])aces 10 K) in plan and step off similar 
spaces in Fig. 118 on the arc 3 3', starting at 3 as shown by simi- 
lar numbers 10 to 10. Through 10 draw a line to the aj)ex m^ 
intersectincr the inner curve at 5' and the outer curve at 1'. 
1 1' 5' 5 is the quarter j)attern for the upper curve or half of the 
Oiiee, to which lat)s must be allowed for rivetintj and brazinir. 

For the pattern for the lower curve in elevation in Fig. 117 
draw a line from c to I); bisect it at c and from e erect a perpen- 
dicular intersectincr the curve at 7. From 7 draw a horizontal line 
intersectincr the center line at /'. Now the rule to be followed in 
^-raisincr" is as follows: Divide the distance from e to 7 into as 
many parts, as the half diameter F 7 is equal to inches. In this 
case 7/'e(juals I2[ inches; (any fraction up to the 4 inch is not 
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taken into consideration, but over i inch one is added). Therefore 
for 2| inches use 2. Then divide the distance from e to 7 into 
two parts as shown at /■ and through i parallel to c D draw a line 
as shown intersectincj the center line at K. Now divide the curve 
c to D into equal spaces as shown by the figures 5 to 9. Let off 
on either side of / the stretchout from 5 to i) as shown from 5" to 




^ \ PATTERN FOR LOWER / ^ 

\ HALF OF OGEE / 

\ \ ' / / 

\ \ • / / 

\ r / 

\ I / 

\ I / 

\ I / 

\ I ^ 

ViiT. 118. 

9'. From / drop a vertical line intersecting F 11 in plan at 33. 
Then using F as center draw the arc 23 17 as shown, which rep- 
resents the measuring line in plan on /' in the stretchout. 

The student may naturally ask, why is / taken as the measuring 
line in plan, when it is not a stationary point, for when *' raising" i 
will be l)ulcred outward with the raisincr hammer until it meets 
tlie point 7. In bulging the metal outward, the surface at i 
stretches as much as the difference ])etween the diameter at i and 
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7. In other words, if the measuring point were taken on 7 it 
would l)e found that after the mould was ^' raised " the diameter 
would l)e too great. But by using the rule of dividing e 7 into as 
many parts as there are inches in /'7 the diameter will be accurate 
while this rule is but approximate. In this case <' 7 has only been 
divided into two e(jual parts, leaving but one point in which a line 
would be drawn through parallel to r D. Let us sup])ose that the 
semi-diameter 7^/* is equal to eleven inches. Then the space from 

e to 7 would be divided into just so 
many parts, <^y/</ tltrouijh the firnt jx^ li 
neariHt the a^ve the line would be drawn 
parallel to c D and used as we have 
used /. Now with radii equal to n 9', 
)i V, and // 5" and n in Fig. 118 as center, 
descrii)e the arcs 5" 5'" / /' and \) 9'. 
From any ])oint as 5" draw a line to // 
intersectincT all the arcs shown. Now 
take the stretchout from 17 to 23 in 
plan. Fig. 117, and starting from 17 in 
Fig. 118 mark off e(juivalent distances 
on the arc / /' as shown. Draw a line 
through 2^^ to the a])ex ;?, intersecting 
the inner and outer arcs at 9' and 5'". 
Then will 9 5" o'" 9' be the greater pat- 
tern for the lower ])art of the ogee. 

Another case may arise where the 
center of the ogee is vertical as shown from v to <! in Fig. 119 in 
A 1>. In this case the same j)rinciples are applied as in Fig. 117; 
the pattern for c ij in Fig. 119 being a straight strip as high as 
(' d and in length ecpial to the quarter circumference v c" in plan 
in Fig. 117 which is the section on r in elevation. These rules 
are applicable to any form of mould as shown in Fig. 119, by 
i\f\ //, and /'. The bead / in / would be made in two pieces with 
a seam at / as shown by the dotted line, using the same metho<l 
as explained in connection with <- I) in elevation in Fig. 117. 

The cop])ersmith has often occasion to lay out the patterns 
for curved ellmws. While the sheet metal worker lays them out 




188 



SHEET ilETAL WORK 



113 



in pieces, the copjRTsinitb's work must form a carve aa shown in 
Fig. 120 which represents a curveii elbow of 45". 

In Fig. 121 is shown how an elbow 13 laid out having ilO', 
similar principles l)eing reqnired for any degree of elbow. First- 
draw Ihe side elevation of the elbow as shown by A B D, mak- 




ing tlie radins K 1> fi|iiai to ii inches and tlm diameter IJ 2 
inches. Iti^ect (' li at K. Then with E as center and K K as 
radins draw the arc Iv J representing the eeain at the aides. I>ra\v 
the front view in its pro|)er |)osition as F <i II, through which 
draw the center line K I representing the seam at back and front, 
thns making the elbow In four pieces. Directly below (' B draw 
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the section of the elbow as shown by a h e d struck from M as 
center. Throuijh M draw- the diameters h d and a <\ The inner 
curve of the elbow a d c in plan will be stretched, while the outer 
curve a h c in plan will be raised. Through M draw the diagonal 
3 intersecting the circle at 3 and /* resj)ectively. Kow draw 
a d; tlirough y jmrallel to a d draw a line intersecting the center 




, Fig. 122. 

line A E extended at O. On either side of ^/ place the stretchout 
of it and (> d. as shown by /%^' andy\/'. Then with radii equal 
to O (V and O a and with O on the line A B, Fig. 122, as center 
describe the arcs il d and a a. Make the length of d d equal to 
the inner curve D C in Fig. 121. From a and d in Fig. 122 
draw lines to the apex O extending them to meet the outer curve 
at a and n. Then will a d d a be the half pattern for the inner 
portion of the elbow for two sides. The radius for the pattern for 
the outer curve is shown in Fig. 121 by N c\ N J', placing the 
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Btretclioiit of tlie curve on either side of the point -■. h'b<:c in Fig. 
122 allows the pattern for the outer curve, the length h h being 
obtained from A li in elevation in Fig. 121. 

In work of this kind the patterns are niad^ a little longer, to 
allow for trimming after the elbow is brazed together. Laps imist 
l)e allowed on all patterns for brazing. 

Fig. 123 eliows a perspective view of a brewing kettle, made 
in horizontal sections and riveted. The same principles which 
were einploj-eij for obtaining the patterns for a sphere in Fig, 114" 
are applicable to this problem. Thug in Fig. 124, let A B (- rep- 
resent a fnll section of a brewing kettle as re([iiired according to 
architect's design. Through the middle of the section draw the 
center line 1) E. Now divide the 

half section B to C into as many parts r;5ijjgMnT^^^g^ 
H3 the kettle is to have pieces as ^Ify-'^^p ^ n M 1 1 I^ ^^^^p 
shown by r, tl, <■,/'. From tliese lull; j | |l| 

BHiall letters draw horizontal lines wsttt. IM^m 

through the section, as shown by Wv\^ / I B 

])ro))er position below the section. *^j, "-c^^^^ 

horizontal lines in elevation, excep- Y\\i. 123. 

ting '/' '/, as shown res](«'tively by 

I F G II, (■" '•'" and/"/"", all struck from the center a. Now 
throngh the jwints c il draw a line which if extended wonld meet 
the center line. Then this intersection would be the center with 
which to draw the arcs <- v and (/ (/"; the flange c h would be 
added to the pattern as shown by //. The sti-etchont for this pat- 
tern 1' would be obtained from the curved line F G II I in plan 
and stepped off on the outer arc f '■'. In similar manner through 
</ c, f./l and/' C draw the lines intersecting the center line DE 
at K, L, and (J. Then using the points as center, describe the 
patterns 2', and 3', and the fnll circle 4'. 

The stretchout for the jMitterns 2' and 8' is obtained from the 
circle v" <-"' in plan and plawd on the inner curve of the jmttern 2', 
and on the outer curve of the jiattern 3'. If desired the stretchout 
conld be taken from/"/'" in plan, and placed on the inner curve 
of 3' which would make the jialteru similar as before. 
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III larj/e kettles of this kind, the length of the jmttern is guided 
by the size of the sheets in stock, and if it was desired that each ring 
was to he made in 8 parts then the resj)ective circle in plan from 
which the stretchout is taken would be divided into N parts, and 
one of these parts transferred to the patterns, to which laps must 
be allowed for seaming and riveting. 

ID 



FULL SECTION 




Fig. 124. 

PROBLEMS FOR WORKERS IN HEAVY METAL. 

While all of the problems given in this courseare applicable to 
developments in heavy metal as well as in that of lighter gauge, the 
following problems relate to those forms made from boiler plate. 

When using metal of heavier gauge than number 20, for pipes. 
ellx)ws, or any other work, it is necessary to have the exact inside 
diameter. It is customary in all shops working the heavier metal, 
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to add a certain amount to the stretchout to ujake uj) for the loss 
incurred in bending, in order that the inside diameter of the article 
(pipe, stack, or boiler shell) may be kept to a uniform and desired 
size. This amount varies according to different pmctice of work- 
men, some of whom allow 7 times the thickness of the metal used, 
while others add but 8 times the thickness. Theoretically the 
amount is 3.141() times the thickness of the metal. 

For example, suppose a boih.M* shell or stack is to be made 48 
inches in diameter out of A-inch thick metal. If this shell is to 
measure 4S inches on the inside, add tlie thickness of the metal, 
which is I inch, makincp 4SA inches. Multiply this by 8.1410 
and the result will l)e the width of the sheet. If, on the otlier 
hand, the outside dianu»ter is to measure 4S inches, subtract the 
thickness of tlie metal, which would give 47A inches and multi- 
ply that l)y 8.141(5 which would give the proj)er width of theslieet. 
It is well to remember that no matter what the thickness of tlie 
plate may be, if it is not added, the diameter of the finished article 
will not be larm* enouirli ; for where no account is taken of the 
thickness of the metal, the diameter will measure from the center 
of the thickness of the sheet. While this rule is theoretically cor- 
rect there is always a certain amount of material lost during the 
forming operations. It is, therefore, considered the best practice to 
use seven times the thickness of the metal in question. The cir- 
cumference for a stack 4S inches in diameter inside usinjr A inch 
metal would l)e, on this principle, 8.141(> X 4S + (7 X A) to which 
laps would have to be allowed for riveting. Where the stack has 
both diameters ecpialabutt joint is usually em{)loyed with a collar 
as shown at either (( ovh in Fii£. 125, but where one end of the stack 
is to fit into the other, a tapering pattern must be obtained which 
will be described as we proceed. 

In putting up large boiler stacks it is usual to finish at the 
top with a moulded cap, and while the method of obtaining the jiat- 
terns is similar to j)arallel line developments, the method of devel- 
oping such a pattern will be given showing how the holes are 
punched for a butt joint. 

In Fig. 120 a view of the moulded cap on a stack is shown. 
On a larire size stack the c:ii) is often dividend into as many as 82 
j)ieces. If the stack is to be made in horizontal sections the rules 
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^iveii ill ttio problems on co[)perBinitbiii}f apply- Wlitle in obtain- 
ing tbe patterns for a cap in vertLi-al KtH.-tioiiB, tbe plan is usually 
divided into' 10 to 82 sides, according to the size of tlie stack; we 
have shown in Fij^, 127 a quarter plan so spaced as to give S sides to 
the fall circle. This has been done to make each step distinct, the 
same principles I)eingap[)lied no matter how manysides the plan lias. 




Fig. 125. 

First draw the center line A ]J and with any jwint as C with 
radins e(pial to 4^ inches draw tlie qnadraiit D E. Kow tangent to 
D and E, draw the line I) F and E G, and at an angle of 45", tan- 
gent to the curve at Y, draw (i F intersecting the previous lines 
drawn at <i and F. <.' I) F G E shows the jilan view of the extreme 
outline of the cap. Directly alKJve the plan drAW a half section of 
the cap. the curve 5 8 being struck fi-OTn i as center and with a radins 
eipial to i H or 1^ inches. Then na- 
'"■ i|r Ij! ilTjl iiig the same radius with n as center 

- i^ describe the quarter circle 5 2, Make 

\'. ^ 2 1 equal to ^ inch, and 8 {} one inch. 

- '-W— :/.' ^^^^^ FroTn the corners F and G in plan 

draw the miter lines F C, C G. 

Divide the profile of the ea]) into 

e<inal sf>aces as shown by the Hgnres 

1 to 9, fi-oni which drop vertical 

lines, intersecting the miter line FC 

as shown. On (' Dextended as C 11 

j I 11^ place the stretchout of the jirotile of 

Fi^. i-jfi. thecal) as shown by similar numbers. 

At right angles to D II draw lines 

as shown, and intersect them by lines drawn jiarallel to D 11 fi-om 

the intersections on V, F. Trace a line through jKtints thus obtaine<i 

as shown by J 1 and trace this oulliiic on the oppiisite side of the 
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line D II as shown by J' I'. Then will J I I' J* be the coiii])lete 
pattern for one side. 

When riveting these pieces together an angle is usually placed 
on the inside and the miters butt sharp, tiling the corners to make 
a neat fit. This being the case the holes are punched in the [)at- 
tern before bending as sliown by X X X etc. Assuming that the 
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Fi^^ 127. 

stack on which the cap is to tit is 4S inches in diameter, obtain 
the circumference as j^reviously ex])lained and divide by 8 (be- 
cause the plan is composed of 8 pieces) placing one-half of the dis- 
tance on either side of the center line D II in pattern. Assuming 
that J^ of the circumference is equal to 9 e^ trace from e the en- 
tire miter cut, as partly shown by e / to the line I^ I. If the J^ 
circumference wert^ e(|ual to 9 ^/, the cut would then l)e traced as 
shown in jjart by <l It until it met the line I I'. This, of course, 



L 



106 



SHEET METAL WORK 



wdukl I>e (lone on the half pattern !( J I I befure trafiiig it opposite 
tliL' center line I) II. Should tho plan be divided into 82 parts, 
divide llie circumferenct; of the stuck by ii2 and place ^\ of the cir- 
ciiui feieiR-e on !' J in jinttern, measurmg from the center line D JI. 
and after obtailiinfi the projier cut, trace opposite the line I) II. 

In constructing a stack where each joint ta^H'rs and tits inside 
of the other, as shown in Fi^, 12S, a short rule is employed for 
obtaining the tajier joints without having recourse to the center. 
In the illmjtration ii /> represents the Jiret joint, the seamd (' sllj)- 
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ping over it witli a hiji equal to/| the joint Wing rivetw.1 together 
at I! and r/. AVheii drawing the first taj)er joint " A, care must he 
taken to have thi^ diameter aty'on the outside, efjnal to the inside 
diauieter at the bottom at /'. This allows the second joint to slip 
over a certain distance so that when the holes are punched in the 
sheets liefore rolling, the holes will tit over one another after the 
pi]>e in rolled. 

In Kig 1:2'.' '( // '.■ i/'h a ta|)er joint drawn on the line of its 
inside diameter, as ex[ilained in Kig. l^S/', and <- in Fig 13'.' rep- 
resents respectively the half sections on -t I, and (/ r. By the short 



rule the radial lijies of the 



■oduced without havii 
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recourse to tlie apex, which, if obtained in tlie full-size drawiiifi^s, 
would be so far away as to render its use inipractical)le. A method 
similar to the following is used for obtaining the arcs for the pattern 
in all cases where the ta{)er is so slight as to render the use of a 
common apex impracticable. 

Let (f Ij c (1^ Fig. 180, be a reproduction of ^/ b c d in Fig. 129. 
On either side of a <I and // r, in Fig. 130, place duplicates of 
a hcdsis shown by b' r and (i d'. This can be done most accurately 
by using the diagonals d h and r a as radii, and with d and c as 
centers describe the arcs // // and </ tf' respectively, and intersect 




Fig. 130, 

them by arcs struck from << and h as centers, with radii equal 
respectively to i( h and /; n as shown. Li precisely the same manner 
obtain the intersection <•' and d* at the bottom. Kovv through the 
intersections li a h <(' and d' c d v draw the curve as shown by bend- 
ing the straight-edge or any straight strip of wood placed on edge 
and brought against the various intersections, extending the curves 
at the ends and top and bottom indefinitely. ISinc^ the circumfer- 
ence of the circle is more than three times the diameter, and as we 
only have three times the diameter as shown from v to d' and 
y to a* ^ then multi])ly .1410 times the bottom and top diameter d c 
and a h res|3ectively, and place one-half of the amount on either side 
of the bottom and top curves as shown by e^ /, and //, //. Kow take 
one-half of seven times the thickness of the metal in use and place 
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it on either side on tLe liottoni and top cnrves as shown ^lyf.f and 
i. i', and draw a line from / to,/" and /' to/". To this lap must bo 
allowed for riveting. The desired pattern ie shown hy •/ iff. 

Tig. 131 shows a three-pieced elbow made from heavy metal, 
the two end ])ieces fittint; into the center pieces, to which laps are 
allowed for riveting. The pririeiples which shall be explained to 
ent these patterns and make the necessary allowance for any thick- 
ness of metal ia applicable to any-elbow. 

In Fig. 132 draw as previously descrilied the elbow ABC, 
below G II draw the section of the inside diameter as 1) which ia 
struck from ff, and divide into eqnal sjwices as shown by the tigures 
1 to 5 on bolh sides. Through these figures draw vertical lines 
intersecting the miter line h c, and from 
these intersections parallel to c il draw 
lines intersecting the line '/ <- as shown. 
Before obtaining the stretchout for 
these elbows, a ])reliniinary drawing 
ninst l)e constructed, in which an allow- 
anie is nuide for the thickness of the 
11 iitej 1 d that is to be used. This draw- 
ing 111 ikes priicticiil use of a principle 
p Mill known to dranghtsnien from its 

a]i|liLation to the pntjiortional division 
of Inus iiid is lUhiIj t:h)\\n at (1{|, In allowing for the thick- . 
ness of the nietiil in w^c, it is evident that we cannot allow it at one 
end, but must distribute it uniformly throughout the pattern. In 
(R) draw any horizontal line as K F, upon which place the stretch- 
out of t1ii> inside diameter of the ]ii[ie D, as shown by similar 
figures on E F. From 1° on E F lay off the distance 1^ vi equal 
to 7 times \\w thickness of the metal in use as before explaint-d. 
Tlieii using E as centerand E in as radius, draw the arc in 1' inter- 
secting the vertical line drawn from 1*^, and from the various 
intersections from 1 to 1° on E F erect [H-i-)>endiculara intersecting 
the slant line 1 I' at 2' jJ' 4', etc., as shown. The slant line 1 1, 
with the various intersect ions is now the correct stretchout for the 
elbow made of such heavy material called for by the s|>ecificat ions. 
On (1 11 extended, iis 11 I, place the stretchout of the slant line 
1 1' as shown from 1 to 1' on II I. At right angles to H I and 
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from the various intersections, erect lines, which are iiitersecte<l 
by lines drawn parallel to II I from similar numbered intersec- 
tions on the miter line h c. Trace the curve L M. L ^[ I 11 shows 
the pattern for the two end pieces of the elbow. 

As the middle section A in Fig. 181 is to overlap the two end 
pieces, it is unnecessary to allow for any additional thickness on 




12 3 4 
Fi^^ 132. 

account of this lap when suitable flanging machines are available; 
but since it is desirable, in some instances, to make an allowance 
in the pattern for riveting, the method of allowing for this lap 
will be explained. 

In (R), Fig. 132, lay off on the line E F the distance v// n 
e(jual to 7 times the thickness of the metal in use, and with radius 
e(nial to E /i draw an arc intersecting the line 1^ 1' extended at 1". 
Draw the slant line from 1" to 1 and extend all the vertical lines 
to intersect 1 1" at 2" 3" 4", etc. The slant line 1 1" is the cor- 
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rect stretchout for tlie middle section B. At right angles to d c 
draw J K equf-l to 1 5" 1" in (R), as shown by similar figures in 
J K, through which draw lines at right angles to J K, and inter- 
sect them by lines drawn at right angles to d e as shown. Trace 
the curved lines to produce O PR S, which is the pattern for the 

middle section, to which flanges are al- 
lowed as shown by dotted lines. 

The perspective of an intersection 
between pipes having different diam- 
eters in boiler work is shown in Fitr. 
133. While the method of obtain incj 
the patterns is similar in principle to 

parallel line developments, a sliorht 
Fig. 133. ^ 1 ' r> 

change is required in obtainincr the 

allowance in the stretchout for the thickness of the metal in use. 

Let A B, Fig. 134, re[)re8ent the part section of a boiler struck 

with a radius equal to 3|" and let 1 7 7^ 1"" be the elevation of the 

intersecting pipe, whose inside diameter is 4|", as shown by 1 7. 

2/ INSIDE V® 

^Idiameter I\ 





3** 4** 
Fig. 134*. 

Divide the half section 14 7 into an eijual number of spaces, as 
numl>ered, from which drop vertical lines intersecting the outside 
line of the boiler at 1^ to 7 as shown. A true stretchout must now 
be obtained in which allowance has been made for the thickness 
of the metal in use. Therefore, in Fig. 135, on the horizontal 
line A B lay off the stretchout of twice tiie inside section of 
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the pi{)e in Fit^. l^U, as bIiovvii by similar figures on A V> in Fig. 
135, adding 1^ ^/, equal to 7 times the thickness of the metal in 
use. For example, 8U[)jx)sing |-inch steel was used; the distance 
1^ ff would then be e(jual to 7 X ^, or 1^ inches. Now draw the arc 
a r, usintr 1 as center, which is intersected by the vertical line drawn 
from 1^. From 1' draw a line to 1, and from the various points 
on A B erect perpendiculars intersecting 1 1' at ^' iV 4', etc. 1 1' 
shows the true stretchout to be belaid otf on the line 1 7 extended 
in Fig. li]4: as 1 1', and from the various intersections on 1 1' drop 
vertical lines and intersect them bylines drawn parallel to 1 1' from 
similar intersections on the curve 1^ 7' as shown. Trace a curved 
line as shown from (• to J). 1 (• I) 1' shows the pattern for the 
vertical pipo to which a flange must be allowed for riveting as 
shown by the dotted line. 

It is now necessary to obtain the pattern for the sha{)e to be 
cut out of the boiler sheet, to admit the miterin«r of the vertical 
[)ipe. In some shoj)S the pattern is not develo|)ed, only the vertical 
pij)e is rianged, as shown in Pig. 13;5, then set in its pro{)er posi- 
tion on the boiler and line marked alontr the inside diameter of the 
pipe, t'he pipe is then removed and the 0{)ening cut into the boiler 
with a chisel. AVe give, however, tlu^ geometrical rule for obtain- 
ing the pattern, and either method can be used. 

As A B in Fig. liH represents the outside diameter of the 
boiler, to which 7 time« the thickness of the metal wst'd must be 
added to the circumference in layintr out the sheet, and as the ver- 
tical pipe intersects one-(puirter of the section as shown by it h i\ 
take the stretchout from 1 to 7"" and {)lace it from 1 to 7^ on 
F G in ( K), to which add 7 r, e(pial to \ of 7 tinu's the thick- 
ness of the plate used. Draw the arc r 7", using 1 as center, 
intersectintj: it by the vertical line drawn from 7\ Erect the usual 
vertical lines and draw 7" 1 , which is the desired stretchout. Now 
place this stretchout on the line A B in Fig. VM\^ erecting vertical 
lines as shown. ^leasnrintr in each and every instance from the 
line 1 7 in Fig. Iv^-t, take the various distances to points 2, )i, 4, 5, 
and (> and T)lace them in P'itr. l.-30on lines havintj similar numbers, 
measurintr in each instance from A B on either side, thus obtain- 
ing the points 2, 8. 4, 5, and (>. Trace the curve 1 4 7" 4, which 
is the desired shape. 
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Fitr. 187 shows a {)erspeetive of a f^usset slieet A on a loco- 
motive, the method of obtaining this pattern in heavy metal is 
shown in Fig. 138. First draw the end view A E C, the semi- 
circle 4 14 being struck from a as center with a radius e(]ual to 2 




inches, ^[ake the distance 4 to C and 4 to 13 both H^ inches and 
draw C 1>. Draw the center line A F, on which line measure up 
2| inches and obtain />», which use as center with radius equal to a 
4, draw the section of the boiler D E F G. In its proper position 
draw the side view II IJ K L M N. H I L M N II shows the 
side view of the gusset sheet shown in end view by G A E D G. 
Divide the semicircle 4 1 4 in end view into equal spaces as 
shown, froiri which draw horizontal lines intersecting II N in side 





Fiir. lor,. 



I'^i«;. I'lT. 



view from 1' to 4'. From these intersections parallel to II I, 
draw lines indefinitely intersecting I L from 1" to 4". At right 
angles to N L produced draw the line at v </, on which a true 
section must be obtained at right angles to the line of the gusset 
sheet. ^leasurincr from the line A D in end view, take the vari- 
ous distances to ])oints 2, 8, and 4 and place them on correspond- 
injT lines measurinj^ from the line c d on either side, tjius obtainintr 
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the intersections F to 4°, a line traced through these points will 
be the true section. In (Y) on any line as O P lay off the stretch- 
out of the true section as shown from 4°, I'', 4°. As the gusset 
sheet only covers a portion equal to a half circle, add the distance 
4° e equal to ^ of 7 times the thickness of the metal in use and 




Fig. 138. 

usiiio; 4 at the left, as center w ith 4^ e as radius, describe the arc 
(' 4^, intersecting it at 4^ by the vertical line drawn from 4^ From 
O P erect vertical lines intersecting the line drawn from 4^ to 4° 
at 8^, 2^, 1^, etc. 4^ 4^ is the true stretchout, and should be 
placed on the line R S drawn at riglit angles to H I. Through 
the numbers on II S and at right angles draw the lines shown 
and intersect tliem by lines drawn from similarly numbered inter- 
sections on II N and I L at right angles to H I. Through points 
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thus obtained trace a curved line 4^, 4^, and 4^', 4^'. It now be- 
comes necessary to add the triangular piece shown by L M N in 
side view, to the pattern which can be done as follows: Using L M 
in side view as radius and 4^ at either end of the pattern as cen- 
ters, describe the arcs m and ;/; intersect them bv arcs struck from 
4^ and 4^ as centers, and M N in side view as radius. Then draw 
lines from 4^ to ni to 4^ in the pattern on either side. The full pat- 
tern shajHJ for the gusset sheet will then be shown by iti 4^ 4^ m 
4^ 4^, to which laps must be allowed for riveting. 

Fig. 139 shows a conical piece connecting two boilers with 
the flare of A such that the radial lines can be used in developing 
the pattern. In all such cases this method should be used in pref- 
erence to that given in connection with Fig. 130. Thus in Fig. 
139 the centers of the two boilers are on one line as shown by a h. 
While the pattern is developed the same as in flaring work, the 
method of allowing for the metal used is shown in Fig. 140. 

A B C D is the elevation 

^^^^ ^^^*~~^-~ — „^ ,»^^^^ of the conical piece, the half 

__v32_Jlf( ~ A ~ p - S inside section being shown 

Am ft ^ bv 14 7 which is divided 

^^^^■^^^^^^^^^^^^ into equal spaces. 1 7 1 in 

Fig. 1.'^. (E) is the full stretchout of 

the inside section A 4 D in 
elevation, and 1 cms ecjual to 7 times the thickness of the metal 
used. The line 1 1' is then obtained in the usual manner as are 
the various intersections 2' 3' 4', etc. Now extend the lines A B 
and I) C in elevation until they meet the center line a h at a. 
Then using a c and a d draw the arcs 1' 7' and 1" 7". From 1' 
draw a radial line to a, intersectincr the inner arc at 1". Now set 
the dividers equal to the spaces on 1 1' in (E) and starting from 1' 
in the pattern step off 6 spaces and draw a line from 7' tort' inter- 
secting the inner arc at 7". 1' T V 7" shows the half pattern to 
which flanges must be allowed for riveting. 

Fig. 141 shows a view of a scroll sign, generally made of 
heavy steel, heavy copper, or heavy brass. So far as the sign is 
concerned it is simply a matter of designing, but what shall l)e 
given attention here is the manner of obtaining the pattern and 
elevation of the scroll. As these scrolls are usually rolled up in 
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form of a spiral, the method of drawincr the spiral will first 
be shown. 

Establish a center point as a' in Fig. 142, and with the desired 
radius describe the circle shown, which divide into a polygon of 
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Fig. 140. 

any number of sides, in this case being (> sides or a hexagon. 
Tlie more sides the polygon has, the nearer to a true spiral will 
the fifjure be. Therefore number the corners of the hexatron 1 to 
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5 and draw out each side indefinitely as 1 a^ 2 i, 3 e^ 4 r7, 5 <% and 
6y*. Now using 2 as center and 2 1 as radius, describe the arc 
1 A; then using 3 as center and 3 A as radius, describe the arc 
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A B, and proceed in similar manner using as radii 4 B, 5 C, 6 D, 
and 1 E, until the part of the spiral shown has been drawn. Then 
using the same centers as before continue until the desired spiral is 
obtained, the following curves running parallel to those first drawn. 
The size of the polygon a ^ determines the size of the spiral. 

In Fig. 143 let A B C D represent the elevation of one corner 
of the flag sign shown in Fig. 141. In its proper position in Fig. 
143 draw a section of the scroll through its center line in elevation 
as showMi by a 17 to 1, which divide into equal spaces as shown 
from 1 to 17. Supposing the scroll is to ])e made of | inch thick 




Fig. 142.' 

metal, and as the spiral makes two revolutions then multiply ^ 
by 14, which would equal 1^ inches. Then on E F in Fig 144 
place the stretchout of the spiral in Fig. 143, as shown by similar 
numbers, to which add 17 E equal to 14 times the thickness of 
metal in use, and draw the arc E 17' in the usual manner and 
obtain the true stretchout with the various intersections as shown. 
Throufrh the elevation of the corner scroll in Ficr. 143 draw the 
center line E F, upon which place the stretchout of 17' E, Fig. 
144, as shown by similar numbers on EF in Fig. 143. At right 
angles toE F, through 1 and 17', draw \T 17^equal to AB and F P 
equal to the desired width of the scroll at that point. Then at 
pleasure <lr:iw the curve I'' 17"^ on either side, using the straight- 
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edge and bending it as required. Then will 1° l"" 17"" IT'' be the 
pattern for the scroll using heavy metal. 

If it is desired to know how this scroll will look when rolled 
up, then at right angles to E F and through the intersections 1' to 
17' draw lines intersecting the curves of the pattern VIT^ on 
both sides. From these intersections, shown on one side only, 
drop lines intersecting similar numbered lines, drawn from the 
intersections in the profile of the scroll in section parallel to A B. 
To avoid a confusion of lines the points 1^, 3^, 5^, 7^, 10^, 12^, 
and 17^ have only been intersected. A line traced through points 
thus obtained as shown from 1^ to 17^ in elevation gives the pro- 
jections at the ends of the scroll when rolled up. 
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EXAMINATION PAPER 

Plates III to V, inclusive, constitute the 
Examination for this Instruction Paper. Plates 
IV and V are drawn by the student himself, 
and therefore no reproduced plates are sent. 
The date, student's name and address, and the 
plate number should be lettered on each plate 
in inclined (^othic capitals. 
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EXAMINATION PLATES. 



PLATE III. 



In this plate a set of pipe fittings is shown which should be 
drawn by the student carefully according to the measurements 
w'hich will be given. If necessary, copy it before sending for 
examination and correction. This plate should be laid out the 
same size as previous plates and the border lines drawn as before. 
There are five fittings shown which will require six patterns. 
Reproduced plates of the patterns are not sent to the student; he 
should work out the problems for himself according to directions 
given. First draw in Plate III the rectangular section A B C D, 
making it 1| X 2| inches, with the line A B |-inch below the 
margin line, and A B ^-inch to the right of the margin line. Kow 
with a in the section as center and with radius equal to |-inch draw 
the circle G IT IJ so that I will be tangent at D C and G I be central 
in the section. Then A B C D will be the true section on E F, 
while G II I J shows the section on the line K L. Draw E F one- 
quarter inch from the line B C, and at right angles to E F, draw 
F L equal to 2i inches and from L erect the line L K IJ inches 
or equal to the height of the circle I G in section. Draw the line 
K E. E F L K represents the side elevation of a transition piece 
whose base is rectangular and whose top is round, as shown in the 
section. The dotted lines in section and elevations show how the 
figure is divided into sections of scalene cones, necessary when 
developing the patterns. Now extend the line K L as K h and 
with radius equal to li inches draw the quadrant L M from h as 
center. Then using b again as center with b K as radius draw the 
outer arc K K, iutersectinor the horizontal line drawn from b. 
Draw the 8 -piece elbow, whose section is shown by G II I J, as 
explained in connection with Fig. 42, Part I. Draw the center 
dotted line through the elbow and from u on the horizonal line 
N extended lay off a distance equiii to one inch as V^. From V^' 
measure down on a vertical line a distance equal to 4| inches, to 
the point ?/\ Using ?/; as center with a radius equal to 1^ inches 
describe the circle K S T. From w on the vertical line measure 
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up a distance of 1| inches to ,i' and through x draw the liorizontal 
line O P, making x O and x P each 1^- inches. From O and P 
drop vertical lines intersecting the circle at S and R. Draw 
M P and N O, forming the transition piece W, which connects 
round pipes with diameters e(jual to M N and P O respectively. 
X sliows the side elevation of the collar connecting the main pipe 
R S T with the transition piece W. 

A front elevation of the fittings should be drawn as follows: 
Draw the center dotted vertical line ed S-Jj inches to the left of the 
margin line, and from the varicms intersections in the side eleva- 
tion draw the dotted lines shown. Draw a broken view of the 
main pi{)e Y, ^ inch from the margin line, and making both sides 
equal distance from the center line. Draw the intersection between 
the collar and main pipe as shown by / S^' /', drawing a curved 
line through these points. P^' O^' and ]\P' N^' represent the same 
diameters as P O and M N in side elevation. They are measured 
on either side of the center line r il in front elevation, c' f h\f' 
is a front elevation throu<xh ^' f h in side view, while L^ K' is a true 
section on K 1^. A' B' C' D' is equal to A B C D in section. 
Draw dotted lines showinjr the transition from the rectangular sec - 
tion to round as criven in the front elevation. When this has been 
done Plate III is completed. 

W^e have now five fittings for which the patterns must be 
developed, and for which no reproduced plates are sent. The 
student should follow the rules given in previous problems. 

PLATE IV. 

The patterns for the transition piece U and the 3-pieced elbow 
V constitute Plate IV. 

To obtain the patterns for the transition piece U, use the de- 
scription given in connection with Figs. 14 and 15, but layoff the 
diagram of triangles similar to the directions given in connection 
with Figs. 78 to 81. The patterns for the 8-pieced elbow V should 
be developed as described in connection with Figs. 40 and 47. 
These two problems U and Y should be carefully laid out on sim- 
ilar sized plate as previously used. Care should be taken not to 
allow any of the patterns to come within J inch of the margin line 
and place the patterns in such positions to make a neat appearance. 



212 



SHEET METAL WORE 135 



o 



PLATE V. 

The patterns of W and X, together with the pattern for the 
oj)ening in Y, constitute this plate. 

To obtain the pattern for tlie transition piece AV, use the rule 
described in connection with Figs. 11 to 13, and for the pattern X 
use rules described in connection with ¥i<is, 133 and 134. In this 
case we make no allowance for the thickness of the metal as shown 
in those figures, but assume that we are using ordinary gauge 
metal. For the pattern for the opening in the main pipe Y use 
rules given in connection with Figs. 134 and 130, and also omit 
allowing for heavy material. 

EXAMINATION PLATES. 

Plates III to V, inclusive, constitute the Examination for this 
Instruction Paper. As above mentioned. Plates IV and V are 
drawn by the student himself, and therefore no reproduced plates 
are sent. The date, student's name and address, and the plate 
number should be lettered on each plate in inclined Gothic capitals. 
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SKYLIGHT WORK * 

Tlie upi:)er illustration shows the layout of a flat pitched skylight whose 
curb measures G' — 0'' X 7' — 6", the run of the rafter or length of the glass being 
6' CT on a horizontal line. Five bars are required, making tlie glass 15 inches 
wide A working section through AB and CD is shown below. 

It will be noticed in the section through AB that the flashing is locked to 
the roofing and flanged around tlie in^^ide of the angle iron construction; over 
this the curb of the skylight rests, bolted through the angle iron as shown, the 
bolt being capped and soldered to avoid leakage. 

The same construction is used in the section through CD, with the excep- 
tion, that when the flashing cannot be made in one piece, a cross lock is placed 
in the manner indicated, over the fireproof blocks. 



* The illustration referred to will be found on the back of this page. 
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two walls O O together and impart to it great rigidity. When skylight 
bars are required to bridge long spans, an internal core is made of 
sheet metal and placed as shown at A in Fig. 147, which adds to its 
weight-sustaining power. In this figure B B shows the glass laid on 

a bed of putty with the metal cap 
C C C, resting snugly against the 
glass, fastened in position by the 
rivet or bolt D D. Wliere a very 
large span is to be bridged a bar 
^ similar to that shown in Fig. 148 is 
used. A heavy core plate A made 
of }-inch thick metal is used, riveted 
or bolted to the bar at B and B. In 
construction, all the various bars 
terminate at the curb shown at A B 
C in Fig. 149, which is fastened to 
Fig. 147. ^g wooden frame 1) E. 

The condensation gutters C C in the bar 6, carry the water into, 
the internal gutter in the curb at a, thence to. the outside through holes 
provided for this purpose at F F. In Fig. 150 is shown a sectional 
view of the construction of a double-pitched 
skylight. A shows the ridge bar with a core in 
the center and cap attached over the glass. B 
shows the cross bar or clip which is used in 
large skylights where it is impossible to get the 
glass in one length, and where the glass must 
be protected and leakage prevented by means 
of the cross bar, the gutter of which conducts 
tlie water into the gutter of the main bar, 
thence outside the curb as before explained. 
C is tlie frame generally made of wood or angle 
iron and covered by the metal roofer with flash- 
ing as shown at F. D shows the skylight bar 
with core showing the glass and cap in position. E is the metal curb 
against which the bars terminate, the condensation being let out 
through the holes shown. 

In constructing pitched skylights having double pitch, or being 
hipped, the pitch is usually one-third. In other words it is one^third 




Fig. 148. 
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of the span. If a skylight were 12 feet wide and one-third pitch were 
retjuired, the rise in the center would be one-third of 12, or 4 feet. 
\Mien a flat skylight is made the 
pitcji is usually built in the wood 
or iron frame and a flat skylight 
laid over it. The glass used in 
the construction of metallic sky- 
lights is usually J-inch rough or 
ribbed glass; but in some cases 
heavier glass is used. 

If for any reason it is desired 
to know the weight of the various 
thickness 'of glass, the following 
table will prove valuable. 

Weight of Rough Glass Per 
Square Foot. 

Thickness in inches. 

1 _3 X 3 I 5 3 1 

8* 1 IT* 4* 8* 2* S- 4* ^* 

Weight in pounds. 

2. 2i. 3h, 5. 7. SI. 10. 121. 




Fig. 149. 
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SHOP TOOLS 

In the smaller shops the bars are cut with the hand shears and 
formed up on the ordinary cornice brake. In the larger shops, the 
strips required for the bars or curbs are cut on the large squaring 
shears, and the miters on the ends of these strips are cut on what is 
known as a miter cutter. This machine consists of eight foot presses 
on a single table, each press having a different set of dies for the purpose 
of cutting the various miters on the various bars. The bars are then 
formed on what is known as a Drop Press in which the bar can be 
formed in two operations to the length of 10 feet. 

METHOD EMPLOYED IN OBTAINING THE PATTERNS 

The method to be employed in developing the patterns for the 
various skylights is by parallel lines. If, however, a dome, a>nserva- 
tory or circular skylight is required, the blanks for the various curbs, 
bars, and ventilators, are laid out by the rule given in Sheet Metal 
Work, Part IV, under "Circular Work". 

VARIOUS SHAPES OF BARS 

In addition to the shapes of bars shown in Figs. 145 to 148 in- 
clusive, there is shown in Fig. 151 a plain bar without any condensation 
gutters, the joint being at A. B B represents the glass resting on the 
rabbets of the bar, w^hile C shows another form of cap which covers 
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Fig. 152. Fig. 153. 

the joint between the bar and glass. Fig. 152 gives another form of 
bar in which the condensation gutters and bar are formed from one 
piece of metal with a locked hidden seam at A. Fig. 153 shows a bar 
on w^hich no putty is required when glazing. It witl be noticed that 
it is bent from one piece of metal with the seam at A, the glass B B 
resting on the combination rabbets and gutters C C. D is the cap 
which is fastened by means of the cleat E. These cleats are cut about 
^inch wide from soft 14-oz. copper, and riveted to the top of the bar 
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at F; then a slot is cut into the cap D as shown from a to fe in Fig. 154; 
then the cap is pressed firmly onto the glass and the cleat E turned 
down which holds the cap in position. 

When a skylight is constructed in which raising sashes are re- 
quired, as shown in Fig. 155, half bars are required at the sides A and 
B, while the bars on each side of the sasli to be 
r^sed are so constructed that a water-tight joint 
is obtained when closed. This is shown in Fig. 
156, which is an enlarged section through A B in 
Fig. 155. 'ITius in Fig. 156, A A represents the 
two half bars with condensation gutters as shown, 
the locked seam taking place at B B. C C repre- 
sent the two half bars for the raising sash witli the caps T> I> attach- 
ed to same, as shown, so that when the sash C C is closed, the caps 




Fig. 154. 




D D cover the joint between the glas.s E E and tlie stationary half 
bars. F F are the half caps soldered at a a to the bars C C whicii 
protect the joints between the gla.ss H H and the bars C C. 

VARIOUS SHAPES OF CURBS 

In Figs. 157^ 15,S and 159 

are shown a few shapes i>f curbs 

which are used in connection 

with flat skylights. A in Fig. 

157 shows the curb for the three 

sides of a flat skyUght, formed in 

one piece with a joint at B, while 

previously described. ".A" shows the 

made as high as the 

In Fig. 158, A is 




Fig. 156. 



C shows the cap, fastened 

height at the lower end of the curb, which 

glass is thick and allows the water to run over. 
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another form of skylight formed in one piece and riveted at B; 
a shows the haght at the lower end. In the previous figures the frajne 
on which the metal curb rests is of wood, while in Fig. 159 the frame is 




of angle iron shown at A. In this case the cm-b is slightly changed 
as shown at B; bent in one piece, and riveted atC. In Figs. 100, 161, 
and 102 are shown various shapes of cui'ba for pitche<l skylights in 
addition to that shown in Fig. 149, A in Fig. 100 shows a curb formed 
in one piece from a tub witli a condensation hole or tube shown at B. 




Rg. Ill 



Fig. 161. 



ViR. 1(52. 



In Fig. 161 is shown a sliglitly modified shape A, with an offset to 
reston thecurbatB. \Mien a skylight is tube placed over an opening 
whose walls are brick, a gutter is usually placed around tlie wall, as 
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shown in Fig. 162, in which A represents a section of the wall on which 
Q gutter, B, is hung, fonned from one piece of metal, as shown from a 
to 6 to c. On top of this the metal curb C is soldered, which is also 
formed from one piece with a lock seam at i. To stiffen this curb a 
wooden core i<5 slipped inside as shown at D. Prom the inside con- 
densation gutter / a 14-oz. copper tube runs through the curb, shown 
jit d. The condensation from the gutter e in the bar, drips into the 
gutter /, out of the tube d, into the main gutter B, from which it is con- 
veyed to the outside by a leader. 

In Fig. 163 is shown an enlarged section of a raising sash, taken 
through C D in Fig. 155. A in Fig. 163 shows the ridge bar, B the 
lower curb and C D the side sections of the bars explained in connec-. 
tion with Fig. 156. E F in h 

Fig. 163 shows tlie 'upper l 
frame of the raising sash, fit- 
ting onto the half ridge bar 
A. On each raising sash, at 
the upper end two hinges H 
are riveted at E and I, which 
allow the sash to raise or close 
by means of a cord, rod, or 
gearings. J K shows the 
lower frame of the sash fitting 
over the curb B. Holes are 
punched at a to allow the 
condensation to escape into 6, 
thence' to the outside through Fig. 163. 

C. Over tlie hinge H a hood or cap is placed which prevents 
leakage. Fig. 164 shows a section tlirough A B in Fig. 167 and rep- 
resents a hipped skylight having one-third pitch. By a skylight of 
one-third pitch is meant a skylight whose altitude or height A B,is equal 
to one-third of the span C D. If the skylight was to have a pitch of 
one-fourth or one-fifth, then the altitude A B would equal one-fourth 
or one-fifth respectively of the span C D. 

The illustration shows tlie construction of a hipped skylight with 
ridge ventilator which will be briefly (lescril)ed. C D is the curb; E E 
the inside ventilator; F F tlie outside ventilator forming a cap over the 
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glass at a. G shows the hood held in position by two cross braces H. 
J represents a section of the common bar on the rabbets of which the 
glass K K rests. L shows the condensation gutters on the bar J, 




Fig. 104. 

which are notched out as shown at M, thus allowing the drip to enter 
the gutter N and discharge through the tube P. The foul air escapes 
under the hood G as shown by the arrow. 




Fig. 165. 
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VARIOUS STYLES OF SKYLIGHTS 

In Fig. 10.') is shown what Is known as ii single-pi tc'i liRht, and is 
plaf'dl on a curb made hy tlie carpenter wliich Iijls t!»e (lesirol pitch. 




These skv'hghts are chiefly nsed on steep roofs as shown in the ilhis- 
tration, and made to set on a wixxien ciirlis pitcliinj' the same as the 




Fig, 107. 
roof, t!".e cTirh first being flashed. Ventilation is obtaine<l hy raising 
one or more lights by means of gearings, as shown in Fig. 155. 
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Fig. 106 shows a double-pitch skylight. Ventilation is obtained 
by placing louvres at each end as ^own at A. Fig. 167 shows a 
skylight with a ridge ventilator. Tlie corner bar C is called the hip 
bar; the small bar D, mitering against the corner bar, is called the jack 
bar, while E is calletl the common bar. Fig. Ifi8 illustrates a hip mon- 
itor skylight with glazed o])eiiiTi;^ sashes for ventilation. These sashes 
can be opened or closed separately, by means of gearings similar to 
those shown in Fig. 177 In Fig. 109 is shown the method of raising 




sashes in conservatories, greenhouses, etc., the same ap|>aratus being 
applicable to both metal and wooden .saslies. Fig. 170 shows a view 
of a photographer's skylight ; if (iesire<l, the vertical sashes can be made 
to open. 

In Fig. 171 is shown a flat extensiim skylight at the rear of a store 
or building. The upper sitle and ends are fla-shed into the brick work 
and maile water-light with waterproof cement, while the lower side. 
rests on the rear wall to which it is fastened. In some cases the rear 
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glitter is of ciust iron put U|) h\ the inm worker but it is usually made 
of Nil. 22 {;ihaiii/eil i )n or 2()-<i/ cold rolled t-opper To receive 
the bottom of t'legiUte iinl ^k^ll^llt the will should be covered by a 
woodeu pKte \ Fig 172 ibout two mchei thick and another plank 
set eil{iewa\s flush wit'i the inside of the will as shown at B. The 
tv.o planks are not refjiiired when k ist iron gutter is used. 

Fig. 17'i shows 1 hipjHHl sk\liglit without a rid^e ventilator, set 
i:n a inetil curb m which 1 )n\Tes hue betn placed These louvres 
mav l)e made statiomrv or ino\ible \Mien made movable, they are 
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FiR. 170. 
construcrted as shown in Fig. 174, in which A .shows a perspective view, 
H sliow.s them close<l, and <' ojwn. Tliev are ojierateil by the quad- 
rants attached to the upright bars a and h, which in turn are pulled up 
and down by conls or chains worke<l from below, Wieii a skylight 
has a verj- long s]>an, as in Fig. 17.5, it is constructed as shown in Fig, 
170, in which A represents a 'r-bcam which can be trussed if necessary. 
Tliis con.st ruction allows the water to escape from the bottom of the 
upper light to the outside of the lop of the lower skylight, the curb C 
of the np]M.T light fittii;^ over the curb B of the lower light. 



SHEET METAL WORK 



Id Fig. 177 is shown tlie method of applying the gearings A 
shows the -side view of tlie metal or woo<len sash partly opened, B the 




Fig, 171. 

end of the main shaft, and C tiie binder that fastens tlie main shaft to 
the upright or rafter, D shows the quadrant wheel attached to main 
shaft and E is the worm wheel, geared to the quadrant D, commun- 
icating motion to the whole shaft. 
F is a lunged arm fastened to the 
main shaft B and hinged to the 
sash. By turning the hand-wheel 
the sash can be opened at any 
angle. 

DEVELOPMENT OF PATTERNS 
FOR A HIPPED SKYLIGHT 
The following illustrations 
and text will explain tiie princi- 
ples involved in developing the 
patterns for the ventilator, curb, 
hip bar, common bar, jack bar, 
and cro.s.s b a r or clip, in a 
liipl>ed skylight. Tliese princi- 
ples are also applicnitle to any otlier form of light, whether flat, 
double-Ditch, siui'lc-pitch, etc. 
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In Fig. 178 is sliown a half section, a qiiarler plan, and a 
diagonal elevation of a hip bar, including the patte:n.s for tlie curb, 
hip, jack, and common l>ara. Tlie method of making these drawings 
will be explaineii in detail, so that tlie student who pays close attention 




will have no difficulty in laying out any patterns no matter what the 
pitch of the skylight may he, or what angle its plan may have. 

First draw any center line as A li, at right angles to which lay off 
C 4', equal to 1 2 inches, .\ssuming that the light is to have one-third 





Fig. 17J. 
pitch, then make the distance C D etiual to 8 inches which is one-third 
of 24 inches, and draw tlie slant line D 4.' At right angles to D 4' place 
a section of the common bar as shown by E, through which draw lines 
parallel to D 4', intersecting the curb shown from a to / at the tx>ttoin 
and the inside .section of the ventilator from F to G at the top. At 
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pleasure draw the section of the outside vent shown from htol ami the 
hood shown from m to p. X represents the section of the brace resting 
on i j to uphold the hood resting on it in the corner o. Tlie condensa- 




Pig 175 
tion gutter-i of the common bar I* are cut out at the bottom at 5' G' 
whicli allowb the drip to go mto tlie gutter d e f of the curb and pass 
out of the opening indicated by the arrow Number the corners of 
each half of the common bar section E as shown, from 1 to 6 on each 
side through which draw lines 
parallel to D 4' until the\ inter- 
sect the curb at the bottom as 
shown by similar numbers 1' to 
b', and the inside ventilator at the 
top bj similar figures 1" to 6* 
This completes the one half sec- 
tion of tlie skyUght From this 
section the pattern for the com- 
mon bar can be obtained without 
'^'K-^^^- the plan, as follows: 

At right &ng\es to D 4' draw the line I J upon which place the 
stretchout of the section E as shown by similar figures on I J. Through 
these small figures, and at right angles to I J, draw lines, and intersect 
them bv lines drawn at right angles to D 4' from similarly numbered 
intersections 1' to 6' on the curb and 1" to 0" on the inside ventilator. 
Trace a linetlirough points thus obtained; then A' B' C D'will be the 
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pattern for the common bar in a hipped skylight. The same method 
would be employed if a pattern were developed for a flat or a double- 
pitch light. From this same half section the pattern for the curb is 
developed by taking the stretchout of the various corners in the curb, 
aby 4' cde and /, and placing them on the center line A B as shown 
by similar letters and figures. 'ITirough these divisions and at right 
angles to A B draw lines which intersect with lines drawn at right 
angles to C 4' from similar points in the curb section a f. Trace a line 
through points thus obtained ; then E' F' / a will be tlie half pattern foi- 
the curb shown in the half section. V represents the condensation hole 
to be punched into the pattern between each light of glass In the sky- 
light. As die portion c d turns up on c 4', use r as a center, and with 




Fig.177. 
the radius r s strike the semicircle shown. Above this semicircle 
punch the hole V. 

Before the patterns can be obtainal for the hip and jack bars, a 
quarter plan view must be constructed which will give the points of 
intersections between the hip bar and curb, l>etween tlie hip bar and 
vent, or ridge bar, and between die hip and jack bar. Therefore, from 
any point on the center line A B as K, draw K I. at right angles to A B, 
.\s tlie skylight forms a right angle in plan, draw from K, at an angle 
of 45°, the hip or diagonal line K 1°. Take a tracing of the common 
bar section E with the various figures on same, and place it on the hip 
line K 1° in plan so that the points 1 4 come directly on the hip as 
shown by E'. Through the various figures draw lines parallel to K 1° 
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one-half of which are intersected by vertical lines drawn parallel to A 
B from similar points of intersection V to 6' on the curb, and 1" to 6" 
on the ventilator in the half section, as shown respectively in plan by 
intersections 1^ to 6^ and V to 6^. Below the hip line K 1° trace the 
opposite intersection as shown. It should be understood that the 
section E* in plan does not indicate the true profile of the hip bar 
(which must be obtained later), but is only placed there to give the hori- 
zontal distances in plan. In laying out the work in practice to full size, 
the upper half intersection of the hip bar in plan is all that is required. 
It will be noticed that the points of intersections in plan and one half 
section have similar numbers, and if the student will carefully follow 
each point the method of these projections will become apparent. 

Having obtained the true points of intersections in plan the next 
step is to obtain a diagonal elevation of the hip bar, from which a true 
section of the hip bar and pattern are obtained. To do this draw any 
line as R M parallel to K 1°. This base line R M has the same eleva- 
tion as the base line C 4' has in the half section. From the various 
points 1° to 6° and P' to 6^ in plan, erect lines at right angles to K 1° 
crossing the line R M indefinitely. Now measuring in each and every 
instance from the line C 4' in the half section take the various distances 
to points D V 2" 3" 4" 5" and 6" at the top, and to points 1' 2' 3' 4' 5' 
and 6' at the bottom, and place them in the diagonal elevation meas- 
uring in each and every instance from the line R M on the similarly 
numbered lines drawn from tlie plan, thus locating respectively the 
points N r 2^ 3^ 4^ 5^ and 0^ at the top, and V 2^ 3^ 4^ 5^ and 6^ at 
the bottom. Through the jx)iiits thus ol)tained draw the miter lines 
1"^ to 6*^ and V to 6** and connect the various jx)ints by lines as shown, 
which completes the diagonal elevation of the hip bar intersecting the 
curb and vent, or ridge. To obtain the true section of the hip bar, 
take a tracing of the common bar E or E* and place it in the position 
shown by E^, being careful to place the jx)ints 1 4 at right angles to 
1^ V as shown. From the various points in the section E^ at right 
angles to V V draw lines intersecting similarly numbered lines in the 
diagonal elevation as shown from 1 to 6 on either side. Connect these 
points as shown ; then E^ will be the true profile of the hip bar. Note 
the difference in tlie two profiles; the normal E' and the modified E\ 

Having obtained the true profile E^ the pattern for the hip bar is 
obtained by drawing the stretchout line O P at right angles V V. 
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Take the stretchout of tlie profile E* and place it on O P as shown by 
similar figures. Through these small figures and at right angles to 
O P draw lines which intersect by Unes drawn at right angles to V V 
from similarly numbered points at top and bottom, thus obtaining the 
points of intersections shown. A line traced through the points tlius 
obtained, as shown by H' .P K* L* will be the pattern for the hip bar. 

For the pattern for the jack bar, take a tracing of the section of the 
common bar E and place it in the position in plan as shown by E^ 
being careful to have the points 1 and 4 at right angles to the line l"^ 1°. 
It is inmiaterial how far the section E^ is placed from the corner 2^ as 
the intersection with the hip bar remains the same no matter how far 
the section is placed one way or the other. Through the various 
corners in the section E^ draw lines at right angles to the line 1° 1^ inter- 
secting one half of the hip bar on similarly numbered lines as shown by 
the intersections ^'2^3^ 4^ 5^ 6^ and P2•^3''4^5•' andG''; also inter- 
secting the curb in plan at points 1^ to 6^, The intersection between 
the jack bar and curb in plan is not necessary in the development. of 
the pattern as the lower cut in the pattern for the common bar is the 
same as the lower cut in the pattern for the jack bar. However, the 
intersection is shown in plan to make a complete drawing. At right 
angles to the line of the jack bar in plan, and from the various inter- 
sections with the hip bar, erect lines intersecting similarly numbered 
lines in the section as shown. Thus from the various intersec- 
tions shown from P to 6^ in plan, erect vertical lines intersect- 
ing the bar in the half sectioji at points shown from V' to G^. • In 
similar manner from the various points of intersections 3'^ 5', and 6"^ 
in plan, erect lines intersecting the bar in the half section at points 
shown by 3'' S'' 6''. Cgnnect these points in the half section, as sliown, 
which represents the line of joint in the section between the hip and jack 
bars. 

For the pattern for the upper cut of tlie jack bar, the same stretch- 
out can be used as that used for the common bar. Therefore, at right 
angles to D 4' and from the various intersections 1^ 2^ 3^ 4'' 5^ and 6'' 
draw lines intersecting similar numbered lines in the pattern for the 
common bar as shown by similar figures. In similar manner from the 
various intersections 3' 5'^ and Cv' in the one half section, draw lines at 
right angles to D 4' intersecting similarly numbered lines in the pattern 
as shown by 3'' 5'^ and G'\ Trace lines from point to point, then the 
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cut shown from N* to P* will represent the miter for that part shown in 
plan from 2^ to G' , and the cut shown from P^ to O* in the pattern will 
represent the cut for that part shown in plan from 2^ to 6'^. The 
lower cut of the jack bar remains the same as that shown in the pattern. 
^Fhe half pattern for the end of the hood is shown in Fig. 170, and 
is obtained as follows: Draw any vertical line as A B, upon which 
place the stretchout of the section of the hood m n o p in Fig. 17S, as 
shown by similar letters m nop on A B in Fig. 179. At right angles 
to A B and through the small letters draw lines, making them ecjual in 
length, (measuring from the line A B) to jx)ints having similar letters 
in Fig. 178, also measuring from the center line A B. Connect points 
shown in Fig. 179, which is the half pattern for the end of the hood. 
For the half pattern for the end of the outside ventilator, take the 
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stretchout of h i j k I in Fig. 178 and place it on the vertical line A B in 
Fig. 180 as shown by similar letters, tlirough which draw horizontal 
lines making them in length, measuring from A B, ecjual to similar 
letters in Fig. 178, also measuring from the center line A B. Connect 
die points as shown in Fig. 180 which is the desired half pattern. In 
Fig. 181 is shown the half i)attern for the end of the inside ventilator, 
tlie stretchout of which is obtained from F 1" 2" 3" 4" H G in Fig. 178, 
the pattern being obtained as explained in c^onnection with Figs. 179 
and 180. 

\\1ien a skylight is to be constructed on which the bars are of such 
lengths tliat the glass cannot be obtained in one lengtli, and a cross bar 
or clip is required as shown by B, in Fig. 150, which miters against the 
main bar, the pattern for this intersecting cut is obtained as shown in 
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Fig. 182. Let A represent the section of the main bar, B tlie elevation 
of the cross bar, and C its section. Note how this cross bar is bent so 
that the water follows the direction of tlie arrow, causing no leaks be- 
cause the upper glass a is bedc^^d in putty, while the lower light b is 
capped by the top flange of the bar C (See Fig. 150). Number all of 
the comers of the section C as shown, from 1 to 8, from which points 
draw horizontal lines cutting tlie main bar A at points 1 to 8 as shown. 
At right angles to the lines in B draw the vertical line D E upon which 
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Fig. 182. 

place the stretchout of tlie cross bar C, shown by similar figures, 
through whicli draw horizontal lines, intersecting them with lines 
drawn parallel to D E from similar numbered intersections against the 
main bar A, thus obtaining the points of intersections 1' to 8' in the 
pattern. Trace a line through points of intersections thus obtained 
which will be the pattern for the end cut of the cross bar. 

In Fig. 183 is shown a carefully drawTi working section of the 
turret sash shown in Fig. 168 at A. These sashes are operated by 
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means of cords, cliains or gearings from the inside, the pivot on which 
thej' turn being shown by H S in Fig. 1R3. The method of obtaining 
the patterns for these sashes will be omitted, as they are only square and 
butt miters whicli the student will have no trouble in developing, pro- 
viding he understands tlie construc- 
tion. This will be made clear by 
the following explanation: 

A B represents the upper part of 
the turret projier with a drip bent on 
same, as shown at B, against which 
tlie sashes close, and a double seam, 
as shown at A, which makes a tight 
j\)int, takes out the twist in bending, 
and avoids any soldering. This up- 
per part A B is indicated by C in 
Fig. 1G8, over which the gutter B is 
placed as shown by X U Y in Fig. 
lS-3. C D represents the lower part 
of the t\irret proper or ba.se, which 
fits oi'Sr the woi>den curb \\, an<l is 
indicate.! by D in Fig. IfiS. E in 
Fig. 1S3 represent the mullion 
made fnmi one [)iece of metal and 
double seamed at a. This mullioh 
is joined to the top and bottom. 
The pattern f<ir the top end of the 
mullion would simply show a square 
cut, while tlie pattern for tlie bot- 
tom woiild represent a butt miter 
a{;ainst the slant line t j. Before forming up this mullion the holes 
should be punched in the sides to admit the pivot R S. These mulUons 
are shown in posititin in Fig. 168 by E E, etc. 

F G in Fig. 1 S3 represents the section of the side of tlie sash below 
the pivot T. N{)tice that this lower half of the side of the saah has a 
lock attachment which hooks into the flange of the mullion E at F. 
Wiile the .side of the sash is bent in one piece, the upper half, above the 
pivot T, has the lock omitted as shown by J K. Thus when the saah 
opens, the upper half of the sides turn toward the inside as shown by 
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the arrow at tlie top, while the lower half swings outward bs shown by 
the arrow at the lK>ttom. ^Vhen the lower half closes, it locks as shown 
at F, which makes a water-tight joint ; but to obtain a water-tight joint 
for the npper half, a cap is used, partly shown by L M, into which the 
upper half of the si<le of the sash closes as shown at M. This cap is 
fastened to tJie upper part of the mullion E with a projecting hood / 
which is placed at tlie same angle as the sash will have when it is 
opened as shown by *■ <■' and d d' or by the dotted lines. 

The side of the sash just exjilained is shown in Fig. 168 at H. 
The pattern for the side of the sash has a square cut at the top, mitering 
with H I at the bottom, in Fig, 183, the same as a square miter. H I 
represents tlie section of the bottom of the sash. Note where tlie metal 
is doubled as at b, against which tlie glass rests in line with the rabbet 
on the side of the sash. A lieadetl edge is shown at H which stiffens it. 
This lower .section is shown in Fig. KiS by <i and has sfjuare cuts on 
both ends. N O in Fig. 183 shows the section of tlie top of the sash 
shown in Fig. IftS by F. Hie flange N in Fig. 183 is flush with the out- 
side of the glass, thereby allowing 
the glass to slide into the grooves 
in the sides of the sash. After the 
gla.ss is in position the angle P is 
tacked at n. A leader is attached 
to tlie gutter V as shown by B° in 
KiS. While the method of 
construction shown in Fig. 183 is 
generally employed, each shop 
has difYerent methods; what we 
have aimal to give is the general construction in use, after knowing 
which, the student can plan his own construction tu .suit tlie conditions 
which are apt to arise. 

In the following illustrations. Figs. 184 to 1S7, it will he explained 
how to obtain the true lengtlis of the ventilator, ridge, hip, jack, and 
common bars in a hipped skylight, no matter what .sine the skylight 
may be. Using tliis rule only one set of piitterns are required, as tor 
example, those <levelope<l in connection with Figs. 178, 179, 180, and 
181, which in this case has one-third pitch. If, however, a skylight 
was require<l whose pitch was different than one-tliird, a new set of 
patterns would have to be develope<l, to which the rule above mention- 
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ed would also be applicable for skylights of that particular pitch. 
Uang this rule it should be understood that the size of the curb, or 
frame, forms the basis for all measurements, and that one of the lines 
or bendsoftlie bar should meet the line of the curb as shown inFig. 178, 
where the liottom of tlie bar E in the half section meets the line of the 
curb c 4' at 4', and the nilge at the top at 4'. Therefore when laying 




Fig. 1S5. 
out the lengths of the bars, they would have to !>e measured on the line 
4 of the bar E from 4' to 4" on the patterns, as will be explained as we 
proceed. 

The first step is to prepare the triangle^ from which the lengths 
of the common and jack bars arc obtainefl, also the lengths of the hip 
bars. After the drawings and patterns have Ik-ch laid out full size 
according to the principles explained in Fig. 17S, take a tracing of the 
triangle in the half section I) C 4' ami place it as shown by A 12 O, in 
Fig. IS4. Divide O 12, which 
will be 12 inches in full size, into 
quarter, half-inches, and inches, 
the same as on a 2-f<)ot rule, as 
.shown by the figures C> to 12. 
From diese <livisions erect lines 
imtil they intersect tlie jjitch A () 
which completes the triangle for 
obtaining the trne lengths of Jack 
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and aimnion bars for any size skylight. In similar manner take 
tracing of N' R 4'" in the diagonal elevation in Fig. 17S anrl 
place it as shown by B 12 () in Fig. IS.'i. The length 12 O then 
beconu's the biisc of the triangle tor the hip bar in a skylight whose 
base of the triiingle for the common and jack iiars measures 12 inches 
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as shown in Fig. 184, the heights A 12 in Fig. 184 and B 12 in Fig. 185 
being equal. Now divide 12 O in 12 equal spaces which will represent 
inches when obtaining the measurements for the hip bar. Divide 
each of the parts into quarter-inches as shown. From these devisions 
erect lines intersecting the hypothenuse or pitch line B O as shown. 
To explain how these triangles are used in practice, Figs. 186 and 
187 have been prepared, showing respectively a skylight without and 

with a ventilator whose curb 
measures 4 ft. x 8 ft. Three 
rules are used in connection 
with the triangles in Figs. 184 
and 185, the comprehension of 
which will make clear all that 
follows. 

Rule 1. To obtain the 
length of the ridge bar in a 
skylight without a ventilator, as in Fig. 186, deduct the short side 
of the frame or curb from the long side. 

Example: In Fig. 186, take 8 feet (long side of frame)— 4 feet 
(short side of frame) = 4 feet (length of ridge bar a h). 

Rule 2. To find the length of the ventilator in a skylight deduct 
the short side of the frame from the long side and add the width of the 
desired ventilator (in this case 4 inches, as shown in Fig. 187). 

Example: In Figure 187 take 8 feet (long side of frame) — 4 feet 
(short side of frame) = 4 feet. 4 feet + 4 inches (width of inside 
ventilator) = 4 feet 4 inches, (length of inside ventilator a' V), To 
find the size of the outside ventilator h I and hood m p in Fig. 178 
simply add twice the distance a b and a c respectively to the above size, 
4 inches, and 4 feet 4 inches, which will give the widths and lengths of 
the outside vent and hood. 

Rule 3. To find the lengths of either common or hip l)ar (in any 
size skylight) deduct the width of the ventilator, if any, from the length 
of the shortest side of frame and divide the remainder by two. Apply 
the length thus obtained on the base line of its respective triangle for 
common or hip bars and determine the true lengths of the desired bars, 
from the hypothenuse. 

Example: As no ventilator is shown in Fig. 1S(), there will be 
ncthing to defluct for it, and the operation is as follows: 4 feet (sliort- 
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est side of frame) -i- 2 = 2 feet. We have now the length witli which 
to proceed to the triangle for common and hip bars. Thus the length 
of the common bar c d will be equal to twice the amount of A O in Fig. 
184, while the length of the hip bar he\i\ Fig. 186, will be equal to twice 
the amount of B O in Fig. 185. Referring to Figs. 186 and 187 the 
jack bars i j are spaced 16 inches, therefore, the length of the jack ba; 
for 12 inches will equal A O in Fig. 184, and 4 inches equal to 4° O; 
both of which are added together for the full length. 

The lengths of the common and hip bars will be shorter in Fig. 
187 because a ventilator has been used, while in Fig. 186 a ridge bar 
was employed. To obtain the lengths of the common and hip bars in 
Fig. 187 use Rule 3: 48 inches (length of short side) — 4 inches (width 
of inside ventilator) = 44 inches; and 44 inches -i- 2 = 22 inches or 
1 foot 10 inches. Then the length of the common bar c' d' measured 
with a rule will be equal to A O in Fig. 184 and 10° O added together, 
and the length of the hip l)ar f ' /' in Fig. 187 will be equal to B O in Fig. 
185 and 10^ O added together. Use the same method where fraction- 
al parts of an inch occur. In laying out the patterns 
according to these measurements use the cuts shown 
in Figs. 178, 179, 180, and 181, being careful to 
mefisure from the arrovv^ints shown on each pattern. 

It will be noticed in Fig. 178 we always meas- 
ure on line 4 in the patterns for the hip, common, 
and jack bars. This is done because the line 4 in 
the profiles E and E^ come directly on the slant line 
of the triangles which were traced to Figs. 184 and 
185 and from which the true lengths were obtained. 
Where a curb might be used, as shown in Fig. 188, 
which would bring the lx)ttom line of the bar H 
inches toward the inside of the frame b, all around, then instead of 
using the size of 4x8 feet as the basis of mea^surements deduct 3 
indies on each side, making the Inisis of measurements 3 ft. 9 inches 
X 7 ft. 9 inches, and j)roceed as explained al)ove. 
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ROOFING 

A good metal covering on a roof is as important as a good foun- 
dation. There are various materials used for this purpose such as tcinie 
plate or what is commonly called roofing tin. The rigid body, or the 
base of roofing tin, a)nsists of thin sheets of steel (black plates) that 
are coated with an alloy of tin and lead. Wiere a first-class job is 
desired soft and cold rolled copper should be used. The soft copper 
is generally used for cap flashing and allows itself to be dressed down 
well after the base flashing is in position. The cold-rolled or hard cop- 
per is used for the roof coverings. In some cases galvanized sheet iron 
or steel is employed. No matter whether tin, galvanized iron, or 
copper is employed the method of construction is the same, and will 
be explained as we proceed. 

Anotlier form of roofing is known as corrugated iron roofing, 
which consists of black or galvanized sheets, corrugated so as to secure 
strength and stiffness. Roofs having less than one-third pitcli should 
be covered by what is known as flat-seam roofing, and should be cover- 
ed (when tin or copper is used) with sheets 10 x 14 inches in size rather 
than with sheets 14 x 20 inches, because the larger number of seams 
stiffens tlie surface and prevents the rattling of tlie tin in stormy 
weather. Steep roofs should be covered by what is known as standing- 
seam roofing made from 14" x 20" tin or from 20" x 28". Before any 
metal is placed on a roof the roofer should see that the sheathing beards 
are well seasoned, dry and free from knots and nailed close together. 
Before laying the tin plate a good building paper, free from acid, should 
be laid on the sheathing,or the tin plate should be painted on the under- 
side before la>nng. Corrugated iron is used for roofs and sides of 
buildings. It is usually laid directly upon the purlins in roofs, and 
held in place by means of clips of hoop iron, which encircle the purlins 
and are riveted to the corrugated iron about 12 inches apart. Tlie 
method of constructing flat and double-seam roofing, also corrugated 
iron coverings, will be explained as we proceed. 

TABLES 

The following tables will prove useful ni fii^nning the (juantity of 
material rer|uired to cover a given number of scjuare feet. 
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FLAT-SEAM ROOFING 

Table showing quantity of 14 x 20-inch tin required to cover a given 
number of square feet with flat seam tin roofing. A sheet of 14 x 20 inches with 
with J-inch edges measun^s, when edged or folded, 13 x 19 inches or 247 
square inches. In the following all fractional parts of a shec^t are counted a 
full sheet. 



^^ 


■r 2 


V4 


•r. 1> 


V4 


u 
327 


^^ 


■f-'l 


No. c 
sq. ft 


u 
.59 


C J 

1 ^ 

1 

330 




ZL 


C ^ 
A 7. 

1 

780 


r u 

^ 8" 

u 


100 


193 


560 


455 


no 


65 


340 


199 


570 


333 


7S»0 


461 


120 


70 


350 


205 


580 


3:« 


HOO 


467 


130 


76 


: 360 


210 


590 


844 


810 


473 


140 


82 


370 


216 


600 


3.50 


820 


479 


150 


88 


380 


222 


610 


35<5 


830 


484 


160 


94 


390 


228 


' 620 


362 


840 


490 


170 


100 


400 


234 


Gao 


3^>8 


8,50 


496 


180 


105 


410 


240 


640 


37'4 


1 860 


502 


190 


111 


420 


245 


650 


379 


870 


.5(J8 


200 


117 


430 


251 


660 


385 


880 


5U 


210 


123 


440 


257 


670 


3iM 


m) 


519 


220 


129 


1 4:>o 


263 


680 


397 


IKHJ 


525 


2:« 


i:« 


1 460 


269 


690 


4(W 


910 


531 


240 


140 


470 


275 


700 


409 


*.>20 


537 


250 


116 


480 


280 I 


710 


414 


930 


543 


260 


152 


490 


286 1 


720 


420 


1 910 


519 


270 


158 


5(K) 


292 


: 730 


426 


950 


551 


2W) 


164 


510 


298 


710 


432 


9r)0 


.5»50 


290 


170 


i 520 


304 


750 


438 


970 


.5«V» 


H<K) 


175 


1 530 


309 


760 


ill 


9W) 


572 


310 


181 


510 


815 


770 


419 


9<.»o 


.57H 


320 


1S7 ■ 


550 


321 











1000 square f<'et, 5X3 sheets. 
A b )X of 112 sheets 14 x 20 inches will cover approximately 192 square feet. 

Example. How much 14 x 20 inch tin with .^-inch edges is re- 
(luired to cover a roof 20 feet x S4 feet? Take 20 X S4 = 1,GS0 
square feet. 

Referring to the table for Flat Seam Roofing, 1000 square feet re(|uire 
5S3 sheets and 680 square feet rer|uire 397 sheets, making a total of 
980 sheets. 

It should be understood that this amount is figured on the basis 
of 247 square inches in an edged sheet, which will be a trifle less when 
the sheets are laid on the roof. 

Example. What quantity of 20 x 28-inch tin will be required to 
lay a standing seam roof, measuring 37 feet long x 45 feet in width? 
Take 37 /. 45 =- 1,005 square feet, or 16 scjuares and 65 feet. Refer- 
ring to the table for Standing Seam Roofing, 16 s(jiiares re(|uire 4 
boxes and 48 sheets, and 65 feet rec|uire 20 sheets, making a total of 4 
boxes and 68 sheets. 
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STANDING-SEAM HOOFING 

Table showing the quantity of 20 X 28-inch tin in boxes, and sheets 
required to lay any given standing-seam roof. 



SQ. FEET 


SHEETS 


SQUARES 


sg. FEET 

1 


BOXES 


SHEETS 


SQUARES 


BOXES 


1 

SHEETS 


1 


1 




6S 




1 21 


35 


9 


77 


3 


1 




69 


1 


21 


36 


9 


108 


3 


1 




70 




22 


37 


10 


27 


4 


2 


1 


71 




•>»i 

■•■N^ 


38 


10 


58 


5 


2 




72 




22 


39 


10 


89 


6 


2 




73 


1 


22 


40 


11 


8 


7 


3 




74 




23 


41 


11 


39 


8 


3 




75 




2:^ 


43 


11 


70 


9 


3 




76 




23 


43 


11 


101 


10 


4 




1 4 




24 


41 


13 


20 


11 


4 




78 




24 


45 


12 


51 


1-3 


4 




79 




21 


46 


12 


83 


13 


4 




80 




25 


47 


13 


1 


U 


5 




81 




25 


48 


13 


32 


15 


5 




82 




25 


49 


13 


63 


16 


5 




83 




25 


50 


13 


94 


17 


6 




84 




26 


51 


14 


13 


18 


6 




K5 




26 


52 


14 


44 


19 


6 




86 




26 


5:^ 


14 


75 


20 


7 




87 




27 


51 


14 


106 


■ 21 




1 


88 




27 


55 


15 


25 


23 


7 




89 




27 


56 


15 


56 


23 


7 




90 




28 1 


57 


* 15 


87 


2( 


8 




91 




>8 


58 


16 


6 


25 


8 




92 




28 


59 


16 


37 


26 


8 




93 




28 


60 


16 


68 


27 


9 




9( 




2-» 


61 


16 


99 


28 


9 




95 




29 


62 


17 


18 


29 


9 ' 




i'6 




29 


63 


17 


49 


30 


10 


I 


97 




30 


64 


17 


80 


31 


10 




98 




30 


65 


17 
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33 


10 




99 




30 


66 


18 


30 


33 


10 
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31 


67 


18 


61 


3t 


11 


1 
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68 


18 


93 


35 
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69 


19 


11 


36 


11 


3 






93 


70 


19 


42 


37 


12 


4 
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12 


71 


19 


73 


38 


12 


5 




1 


43 


72 


19 
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39 


12 


6 




J 


74 
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20 


23 


40 


13 
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74 


20 


54 


41 


13 


8 




2 
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75 


20 


85 


42 


13 


9 




2 
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76 


21 


4 


^3 


13 


10 






86 


77 


21 


35 


,'4 


14 


11 




3 


5 


78 


21 


66 


45 


14 


12 




3 


36 


79 


21 


97 


46 


14 


13 




3 


67 


80 


22 


16 


47 


15 


14 




3 


98 


81 


oo 


47 


48 


15 


15 




4 


17 


82 


23 


78 


49 


15 


16 




4 


48 


K^ 


22 
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16 
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4 


79 


81 


23 


28 


51 


16 


18 




4 


110 


85 


2:^ 


59 


52 


16 


19 




5 


29 


86 


23 


90 


53 


16 
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5 


60 


:7 


24 


9 
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17 


21 




5 


91 


8S 
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40 


55 


17 


22 




6 
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24 


71 
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23 
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41 
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18 
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2 
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63 


19 
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31 
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26 


95 
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14 
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20 
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9<» 


27 


45 
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27 


76 


67 
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Size of sh('(*t before working, 20 X 2S inches. Exposed on roof 27X17] inches. 
Square inches per sheet exposed 479| inches. Sheets per box 112. 
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NET WEIGHT PER BOX TIN PLATES 
Basis 14 X 20, 112 



Trade term 


• • • 


1 
SO-lb. 


85-lb. 


90-lb. 


95 1b. 


100-lb. 


IC 


1 
IXL 


IX 


IXX 


IXXX IXXXX 


Weight per box. lb. 

1 


80 


K5 


90 


95 


100 


107 


128 


135 


155 


175 


195 


Size of 


Sheets 




sheets 


per box 


80 


85 


90 


95 


100 


107 


128 


135 


Mv> 


175 




10 x 14 


225 


195 


14 x 20 


112 


80 


a5 


90 


95 


UK) 


107 


128 


135 


155 


175 


195 


20 X 28 


112 


160 


170 


180 


190 


200 


214 


256 


270 


310 


350 


390 


10 X 20 


225 


114 


121 


129 


136 


143 


1.53 


\M 


193 


221 


250 


279 


11 X 22 


225 


138 


147 


156 


16 j 


172 


184 


232 


234 


268 


302 


337 


1154 X 23 


225 


151 


161 


170 


179 


189 


202 


242 


255 


293 


331 


368 


12 X 12 


225 


82 


87 


93 


98 


103 


110 


133 


i:» 
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180 


201 


12 X 24 


112 


82 


87 


93 


98 


103 


110 


132 


139 


159 


180 


201 


13 X 13 


225 


97 


103 


109 


115 


121 


129 


154 


163 


187 


211 


2:i5 


13 X 26 


113 


97 


1(0 


109 


115 


121 


129 


154 


163 


187 


211 


235 


14 X 11 


225 


112 


119 


126 


133 


140 


150 


179 


189 


217 


245 


273 


14 X 28 


112 


112 


119 


126 


133 


140 


HJO 


179 


189 


217 


245 


273 


15 X 15 


225 


129 


i:rr 


1^5 


153 


161 


172 


206 


217 


249 


281 


313 


16 X 16 


225 


146 


l.M 


lo5 


174 


IK^ 


196 


234 


247 


283 


320 


357 


17 X 17 


225 


lf>5 


175 


186 


196 


206 


221 


261 ■ 


279 


320 


361 


408 


18 X 18 


112 


93 


98 


101 


110 


116 


124 


148 


1.56 


179 


203 


226 


19 X 19 


112 


103 


no 


116 


122 


129 


138 


H» 


174 


200 


226 


251 


20 X 20 


112 


lU 


121 


129 


]M 


143 


153 


183 


193 


221 


250 


279 


21 X 21 


112 


126 


i:m 


142 


150 


1.58 


169 


202 


213 


214 


276 


307 


22 X 22 


112 


i:w 


147 


\m 


KU 


172 


184 


221 


2M 


268 


302 


337 


23 X 23 


112 


151 


161 


170 


179 


189 


2^)2 


242 


255 


299 


331 


868 


24 X 21 


112 


164 


175 


185 


195 


204 


220 


2ev.\ 


278 


319 


360 


401 


26 X 26 


112 


193 


205 


217 


229 


241 


258 


3(i9 


826 


374 


422 


471 


16 X 20 


112 


91 


97 


103 


mi 


114 


122 


516 


1.54 


177 


200 


223 


14 X 31 


112 


124 


132 


140 


U7 


155 


166 


198 


2')9 


240 


271 


302 


11^ X 22 K 


112 


73 


78 


82 


87 


91 


98 












13',^ X IT^i 


112 


60 


71 


76 


80 


81 


90 
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82 


87 


91 


97 












13^ X 1*«'2 


112 


75 


80 


K5 


H9 


91 


1(K) 
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76 


81 


86 


90 


95 
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14 X \xh 


124 


83 


88 


93 


98 


UI3 


110 












14 X IIM^ 


120 


83 


88 


93 


98 


103 


no 












14 X 21 


112 


84 


89 


95 


100 


1(K5 


112 












14 X 22 


112 


K8 


94 


m 


1(»5 


no 


118 












14 X 22 «^ 


112 


89 


95 


KM) 


106 


11. 


119 












15^ X 23 


112 


102 


108 


ll.> 


121 


127 


13(5 
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STANDARD WEIGHTS AND GAITJES OF TIN PLATES 



Trad*^ term 

Nearest wire pauKe No. 
Wei^rht. .sipiare foot. lb. 
Wei^'ht. box. 14x 20. lb. 



f).5-lb. 


7Mb. 


75- lb. 


80- lb. 


85-lb. 


90.1b. 


95-lb. 


:i5 


:i5 


34 


33 


32 


81 


31 


.298 


.322 


.315 


.367 


.390 


.418 


.436 


65 


70 


75 


80 


85 


. 90 


05 



100-lb. 
80 
.459 
100 



Trade term 

Neart'si wire RauKe No, 
VVeijxht, .stpiare foot. lb. 
Wel^'ht. box. 14 x 20, lb.. 



ir 

30 
11>1 
107 



IXL 

28 

.5n8 
128 



IX 

28 

.619 

135 



JXX 

27 

.712 

155 



Blaek nlattvs l)efore coatlnt? 
wriyht per 1 12 sheets 

When <'oat«'(l tb»* ])l;irfs 

weitrh per 112 shrrts. 



IC 14 x20 



lb 
i»5to KK) 



115 to 120 



IC 20 X 28 



lb. 

190 to 2(K) 



2:^0 to 210 



IXXX 

26 

.803 
175 



IX 14 x20 



lb. 
125 to 130 



115 tf) 150 



IXXXX IXXXXX 

2') I 24 

895 .987 

195 215 



1X20x28 



lb. 
250 to 260 



290 to 300 



245 
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OTHER FORMS OF METAL ROOFING 

There is another form of roofing known as metal slates and shin- 
gles, pressed in various geometrical designs with water-tight lock attach- 
ments so that no solder is required in 
laying the roof. Fig. 189 shows the 
general shape of these metal shingles 
which are made from tin, galvanized 
iron, and copper, the dots a a a a 
representing the holes for nailing to 
the wood sheathing. In Fig. 190, A 
represents the side lock, showing the 
first operation in laying the metal slate 
or shingle on a roof, a representing the 
nail. B, in the same figure, shows the 
metal slate or shingle in position cover- 
ing the nail 6, the valley c of the bottom 
^^- ^^^' slate allowing the water, if any, to 

flow over the next lower slate as in A in Fig. 1<S9. 

In Fig. 191 is shown the bottom slate A covered by the top slate B, 
the ridges a a a keeping the water from 
backing up. Fig. 192 shows the style of 
roof on which these shingles are employed, 
that is, on steep roofs. Note the con- 
struction of the ridge roll, A and B in 
Fig. 192, which is first nailed in position 
at a a etc., after which the shingles B are 
slipped under tlie lock c. Fig. 193 shows 
a roll hip covering which is laid from the 
top downward, the lower end of the hip having a projection piece for 
nailing at a, over which the top end of the next piece is inserted, thus 





6HCATHING BOARD 




SHEATHING BOARD 

Fig. 190. 
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Fig. 191. 

covering and concealing tlie nails. Fig. 194 represents a perspective 
view of a valley with metal slates, showing how the slates A are 
locked to the fold in the valley B. There are many other forms of 
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metal shingles, hut the shapes shown herewitti are known as tlie 
Cortright patents. 

TOOLS REQUIRED 
Fig. 195 sliows the varions hand tools re(|uire(l hy tlie metal roof- 
er; starting at the left we have the soldering copper, mallet, scraper, 




stretch-awl, sliears, hammer, and dividers. In addition to these hand 
Uw\s a notching machine is required for cutting off tlie corners of the 



Fig. 193. 
sheets, and r(K)fing folders are re- 
qiiiretl for etiging tlie sheets in flat- 
seam roofing, and hand tiouble seamer 
and roofing tongs for standing-seam 
roofing. The roofing double seamer 
and squeezing tongs can be used for 
standing-seam nH»fing (in place of the 
hand double seamer), which allow tlie 
operator to stand in an upriglit position if tlie nxif is not too steep. 
ROOF MENSURATION 
\Vhile some mechanics understand thomnghiy the nietliods of 
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laying the various kinds of n>ofing, there are some, however, who do 
not understand how to figure from architects' or scale (b-awings the 
amount of material required to cover a given surface in a flat, irregular 
shaped, or hipped roof. The modern house with its gables and va- 




Fig. 195. 
rious intersecting roofs, forming hips and valleys, render it necessary to 
give a short chapter on niof measurement. In Figs. 19C to 198 in- 
clusive are shown respectively the plans with full size measurements 
for a flat, irregular ,and intersected hipped roof, showing how the length 
of the hips and valleys are obtained direct from 
the architects' scale drawings. 

The illustrations shown herewitli are not 
drawn to a scale as architects' drawings will be, 
but the measurements on the diagrams are as- 
sumed, which will clearly show the principles 
which must be applied «hen figuring from scale 
drawings. Assuming that the plans from which 
we are figuring are drawn to a quarter-inch scale, 
tlien when measurements are taken, every quarter 
inc'.i represents one foot. ^ inch = 6 inches, ,'j 
inch = 3 inches, etc. If tlie drawings were drawn to a half-inch 
scale, tlien J inch ^ 12 inches, { inch = G inches, J inch = 3 inches, 
I'o incli = Ij inches, etc. 

A B C D in Fig. 196 represents a flat roof widi a shaft at one side 
as shown by abed. In a nwf of this kind we will figure it as if tliere 
was no air sliaft at all. Tlius G4 feet X 42 feet - 2,GSS sciuare feet. 
TTieshaftis 12.;'> v fifeet- 7.^sr|uare feet; tlien 2,6SS feet - 75 feet - 
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2,613 square feet of roofing, to which must l>e added an allowamt 
the flashing turning np against and into the walls at tlie ^ides. 

In Fig, 197 is shown a flat roof with a shaft at each side, one s 
being irregular, f<)rming an irregular shaped 
roof. The rule for obtaining Uie area is sim- 
ilar to that usal for Fig. 190 witli the exception 
that the area of tlie irregular shaft a; a: a; x in 
Fig. 197 is determined differently to that of tlie 
shaft fccrfc. Thus A B C D = 108 feet X 4.5 
feet - 4,860 square feet. Find the area of b c 
d e which is 9.25 X 39.5 - 365.375 or 365^ 
square feet. To find the area of the irregular 
shaft, bisect a-.r and xx and obtain a a, 
measure the length of a a which is 48 feet, and 
multiply by 9. Thus 48 X 9= 412, and 412 
+ 365.375 — 777.375. Tlie entire roof minus 

the shaft.s - 4,,^H) square feet - 777.375 = "l as^o"^^^ 

4,aS2.62.5 square feet of surface in Fig. 197. P'K- i^'^- 

In Fig. 19S is shown tlie plan, front, and side elevalions of an in- 
tersected hipped roof. .\ R C D rejjresents tlie plan of the main liuihl- 





ing intersected by the wing E F G 11, We will first figure the main 
roof as if there were no wing attache<l and tlien deduct the space taken 
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up by the intersection of the wing. Whilp it may appear difficult to 
some to figure the quantities in a hipped roof, it is very simple, if the 
rule is understood. As the pitch of the roof is ecjual on four sides the 
length of the rafter shown from O to N in front elevation represents 
the true length of the pitch on each side. The length of the building 
at the eave is 90 feet and the length of the ridge 48 feet. Take 
90 - 48 = 42, and 42 ^ 2 = 21. Now either add 21 to the length of the 
edge or deduct 21 from the length of the eave, which gives 69 feet as 
shown from S to T. The length of the eave at the end is 42 feet and 
it runs to an apex at J. Then take 42 feet -r- 2 = 21, as shown from T 
to U. If desired the hip lines A I, J B and J C can be bisected, obtain- 
ing respectively the points S, T, and U, which when measured will be 
of similar sizes; 69 feet and 21 feet. As the length of the rafter O N 
is 30 feet, then multiply as follows: 69 X 30 = 2070. 21 X 30 = 630. 
Then 630 + 2,070 = 2,700, and multiplying by 2 (for opposite sides) 
gives 5,400 square feet or 54 squares of roofing for the main building. 
From this amount deduct the intersection E L F in the plan as follows : 

The width of the wing is 24 feet 6 inches and it intersects the main 
roof as shown at E L F. Bisect E L and L F and obtain points W and 
V, which when measural will be 12 feet 3 inches or one half of HG, 
24 feet 6 inches. The wing intersects the main roof from Y to P in the 
side elevation, a distance of 18 feet. Then take 18 X 12.25 = 220.5. 
Deduct 220.5 from 5400 = 5,179.5. The wing measures 33 feet 6 
inclies at the ridge L M, and 21 feet 6 inches at the eave F G, thus 
making the distance from V to X =27 feet 6 inches. The length of 
the rafter of tlie wing is shown in front elevation by P R, and is 18 feet. 
Then 18 X 27.5 = 495, and multiplying by 2 (for opposite side), gives 
995 sq. ft. in the wing. We then have a roofing area of 5,179.5 square 
feet in tlie main roof and 995 square feet in the wing, making a total of 
6,174.5 square feet in the plan shown in Fig. 198. 

If it is desired to know the quantity of ridge, hips, and valleys in 
the roof, the following method is used. The ridge can be taken from 
tlie plans by adding 48' + 33'6" = 81' - 6". For the true length of 
the hip I D in the plan, drop a vertical line from P in the front elevation 
until it intersects the eave line 1°. On the eave line extended, place the 
distance I D in the plan as shown from 1° to D° and draw a line from 
D° to P which will be the true lengtli of tlie hip I D in the plan. Multi- 
ply tills length by 4, which will give tlie amount of ridge capping re- 
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quired. This length of hip can also be obtained from tlie plan by tak- 
ing the vertical height of the roof P F in the elevation and placing it at 
right angles to I D in the plan, as shown, from I to P, and draw a line 
from P to D which is the desired length. 

For the length of the valley L F in the plan, drop a vertical line 
from F^ in tlie side elevation until it intersects the eave line at F®. 
Take the distance F L in the plan and place it as shown from F° to L°, 
and draw a line from L° to FS which is the true length of the valley 
shown by L F in the plan. Multiply this length by 2, wliich will give 
tiie recjuired number of feet of valley required. This length of valley 
can also be obtained from the plan by taking the vertical height of the 
roof of the wing, shown by F° F^ in the side elevation, and placing it at 
right angles to F L in the plan, from L to F', and draw a line from P 
to F which is the desired length similar to F^ L° in the side elevation. 

FLAT-SEAM ROOFING 

The first step necessary in preparing the plates for flat seam 
I'oofiiig^is to notch or cut off the four corners of the plate as shown in 
Fig. 199 which sliows the plate as it is taken from the box, the shaded 
corners a a a a representing the corners which are 
notched . on the notching machine or with the shears. 
Care nuist be taken when cutting off tliese corners not 
to cut off too little otherwise the slieets will not edge 
well, and not to cut off too much, otherwise a hole will 
show at the corners when the sheets are laid. To find 
the correct amount to be cut oft' proceed as follows: 

Assuming that a l-inch edge is desire<i, set the dividers at ^ inch 
and scribe the lines h a and a c on the sheet shown in Fig. 199, and, 
where the lines intersect at a, draw the line d e at an angle of 45 degrees, 

which represents the true amount and true angle to be 
cut off on each corner. After all the sheets have been 
notched, they are edged as shown in Fig. 200, tlie long 
sides of the sheet being bent right and left, as shown at 
a, while the short side is bent as shown at 6, makincr 
the notched corner appear as at e. In some ctises 
after the sheets are edged tlie contract r(X|uires that the 
sheets be j)ainted on the underside before laying. This is usuallv 
done with a small brusli, being careful that the edges of tlie sheets 




Fig. 199. 
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are not soiled with paint, which would interfere with soldering. Be- 
fore laying the aheeLs the nwf boards are sometimes covered with an 
oil or rosin-^zed paner to prevent the moisture or fumes from below 
from rusting the tin on the underside. As before mentioned, the same 
inetligd used for laying tin roofing would be applicable for laying 
cupper roofing, witli the exception that the copper sheets would 
have to be tinned about IJ inches around the edges of the sheets 
after they are notched, and before they are edged. 

In Fig, 201 is shown how a tin roof is startal and the sheets laid 
when a gutter is used at the eaves with a fire wall at the side. A repre- 




I'ie. wi. . 
sents a galvanized iron giittei- with a portion of it lapping on the roof, 
witli a lock at C. In hanging the gutter it is flashed against the fire 
wall at J ; after which the base flashing D D is put in position, flashing 
out on the roof at E, with a lock at F. \\1iere the base flashing E 
miters witli tlie flange of the gutter B it is joined as shown at 6, allowing 
tlie flange E of the base flashing as shown by the dotted line a. As the 
water discharges at G, the sheets are laid in the direction of the arrow 
H, placing the nails- at lea.st C inches apart, al.vays starting to nail at 
the butt c c, etc. Care should be taken when nailing that the nail heads 
are well covered by the e<lges, as shown in W, by a. Over the base 
Hashing D D J tlie cap flashing L is place<l, allowing it to go into the 
wall as at O. 
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When piitting in base flashings there are two methods employed. 
In Fig, 202 is shown a side flashing between the roof and parapet wall. 
A shows tlie flashing turning out on the roof at B, with a lock C, attach- 
ed and flashed into the wall four courses of brick above the roof line, 
as sliown at D, where wall hooks and 
paintskins or roofer's cement are used to 
make a tight joint. Fla.shings of this 
kind should always be painted on the 
underside, and paper should be placed 
between tlie brick work and metal, be- 
cause the moisture in the wall b apt to 
rust the tin. This method of putting in 
flashing is nut advisable in new work, 
liecanse when the building is new, the walls and l^eams are liable' 
to settle and when this occurs the flange X) tears out of the wall, and tlie 
result is disagreeable leaks that stain the walls. When a new roof is 
to be placed on an old building where the walls and copings are in 
place and the brick work and l^ams have settled, there is not so much 
danger of leakage. 

The proper method of putting in flashings and one which allows 
fiir the expansion and contraction of the metal and the settlement of the 
huilding is shown in Fig, 203, in which A sliows the cap flashings. 




Fig, 202. 





I'ii;- 2l):l. Fig. 204, 

painted with two coats of paint before using, ^^^len the mason has 
l)\iilt his wall up to four courses of brick above the roof line the cap 
Hashing A is placed in position and the wall and coping finished; the 
base flashing B is then slipped under the cap A. In practice the cap 
flashing is cut 7 inches, then bent at right angles through the center, 
making eadi siile a and b V. inches. The base fla'^hing H is then 
slip]ied under the cap flashing A as shown at C 
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Where the cost is not considered and a good job is desired, it is 
better to use sheet Iea<l cap flashings in place of tin. They last longer, 
do not rust, and can be dressed down well to lay tight onto the base 
flashings. Into the lock C the sheets are attached. After the sheets 
are laid the seams are flattened down well by means of a heavy mallet, 

with slightly convex faces, after w'hich the roof 
is ready for soldering. When a base flashing 
is required on a roof which abuts against a wall 
composed of clap boards or shingles as shown 
in Fig. 204, then, after the last cx)urse of tin A 
Fig. 205. ]^jj3 i)^gj^ IsLidj the flashing B with the lock a is 

locked into the course A and extends the required distance imder the 
boards D. The flashing should always be painted and allowed to dry 
before it is placed in position. In the previous figures it w^as shown 
how the sheets are edged, both sides being edged right and left. In 
Fig. 205 is shown what is known 
as a valley sheet, where the short 
sides are edged both one way, as 
shown at a a, and the long sides 
right and left as s h o w n at b h. 
Sheets of this kind are used when 
the water runs together from two 
directions as shown by A in Fig. 
200. By having the locks a and a turned one way the roof is laid in 
both directions. 

Fig. 207 shows a part j)lan of a roof and chimney A, around which 
tlie flashing B C D E is to be placed, and explains how die corners C 

and D are double seamed. 




Fig. 206. 
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w h e t h e r on a chimney, 
bulkliead, or any other ob- 
ject on a roof when the 
water flows in the direction 
of the arrow F. The first 
operation is sho^\'n at a and 
the final operation at h. 
Thus it will be s(-en that the water flows past the seam and not against 
it. In laying ihu seam roofing esj)ecially wlien ('()j)per is used, allow- 
ance must be iiKide for the expansion and contraction of the sheets. 



Fig. 207. 
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Care sliouki \w tiiken not to nail directly through the sheet as is shown 
in W, Fig, 201. While this method is generally employed in tin 
roofing, on a p(K»ii joh, a-s well as on copper roofing, cleats as shown at 
1) in Fig. 2(K shonld I>e n.sed. 

To shov,- how they are nsed, A and 11 represent two locked-edged 
sheets. The lock on the Heat D is locked into the edge of die sheets 
and naileil into the nwif t)oar<ls at a be and d, ar as often as required. 

to ° d 

—^ 1^ ^ 



£%• 



Fig. 208. 
In.dii.s maimer the entire r<K>f can he fastened with cleats without 
having a nail driven into- the sheets, therehy allowing for expansion 
and contraction of die metal. Tlie closer these cleats are placed, tlie 
firmer the r<H>f will he and die hetter the seams will hold. By using 
fewer cleats, time may he saved in laying the roof, but double this time 
is lost when soldering the seams, for tiie heat of the soldering copper 




will raise t!ie soam.s, causing a succession of buckles, which retard . 
soldering anil retpiire 10 i)er cent more solder. When the seams are 
•lailed or <:leateil close it lays flat and smootli and the soklering is done 
with ease and less .solder. 

\Mien a connection is to l>e made between metal and stone or 
terra ctrtta, the method .shown in Fig. 200 is employed. This illns- 
traliou shows ;i stone or lerra-cotla cornice A. 'Hie heavy line abed 
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represents the gutter lining, which is usually made from 20-oz. cold- 
rolled copper. If the cornice A is of stone, the stone cutter cuts a 
raggle into the top of the cornice A ^'S at B, dove-tail in shape, after 
which the lining abed is put in position as shown. Tlien, being care- 
ful that there is no water or moisture in the raggle B, molten lead is 
poured into the raggle and after it is cooled it is dressed down well with 
the caulking chisel and hammer. 

By having the dove-tail cut, the lead is secured firmly in position, 
holding down the edge of the lining and making a tight joint. Should 
the cornice be of terra cotta this raggle is cut into the clay before it is 
baked in tlie ovens. Tils method of making connection between 
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Fig. 210. 

metal and stone is the same no matter whether a gutter or upright wall 
is to be flashed. When a flashing between a stone wall and roof is to 
be made tight, then instead of using molten lead, cakes of lead are cast 
in molds made for this purpose, about 12 inches long, and these are 
driven into the raggle B as shown in Fig. 209 ai, X. 

The most important step in roofing is the soldering. The style of 
soldering copper employed is shown in Fig. 210 and weighs at least 8 
pounds to the pair. Wlien rosin is used as a flux, it is also employed 
in tinning the coppers, but when acid is used as a flux for soldering zinc 
or galvanized iron, salammoniac is used for tinning the coppers. It 
will be noticed that the soldering coppers are forged square at the ends, 
and have a groove filed in one side as shown at A. WTien the copper 

is turned upward the groove should be filed 
toward the lower side within } inch from 
the corner, so that when the groove is placed 
upon the seam, as shown in Fig. 211, it acts 
^^S 211. a^ a guide to the wpper as the latter is 

drawn along the seam. The groove a being in the position shown, 
tlie largest heated surface b rests directly on tlie seam, "soaking" 
it thoroughly with solder. As the heat draws the solder between 
the locks, al)out 6 pounds of h and I solder are required for 100 square 
feet of surface using 14 x 20-inch tin. The use of acid in soldering 
seams in a tin roof is to be avoided as acid coming in contact with the 
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bare edges and corners, where the sheets are folded and seamed to- 
gether, will cause rusting. No other soldering flux but good clean 
rosin should be employed. The same flux (rosin) should be used 
when soldering copper roofing whose edges have previously been 
dnned with rosin. 

We will now consider tlie soldering of upright seams. The solder- 
ing copper to be employed for this purpose is shaped as shown in Fig. 
212. It is forged to a wedge shape, about 1 inch wide and } inch 






Fig. 212. 

thick at the end, and is tinned on one side and the end only; if tinned 
otherwise, the solder, instead of remaining on the tinned side when 
soldering, would flow downward; by ha\ing the soldering copper tin- 
ned on one side only, the remaining sides are black and do not tend 
t:) draw the solder downward. The soldering copper being thus pre- 
pared, the upright seam, shown in Fig. 213, where the sheet B overlaps 
the sheet A 1", is soldered by first tacking the seam to make it lay close, 
then thoroughly soaking the seam, 
and then placing ridges of solder 
across it to strengthen the same. 
In using the soldering copper . it 
should be held in the position 
shown by C, which allows the sol- 
der to flow forward and into the 
seam, while if the copper were held 
as shown by D, the solder would 
flow backward and away from the 
seam. In '^soaking" the seam with 
solder the copper should be placed 
directly over the lapped part, so that the metal gets thoroughly 
heated and draws the solder between the joint. It makes no differ- 
ence wh^re this cross joint occurs; the same methods are used. 

The roof being completed, the rosin is scraped off the seams and 
the roof cleaned and painted with good iron oxide and linseed oil paint. 
Some roofers omit the scraping of rosin and paint directly over it. 
This is the cause of rusting of seams which sometimes occurs. If the 
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paint is applied to the rosin, the latter, with time, will crack, and the 
rain will soak under the cracked rosin to tlie tin surface. Even when 
the surface of tlie roof is dry, by raising the cracked rosin, moisture 
will often l>e found underneath, which naturally tends to rust tlie plate 
more and more witli each storm. If the royin is removed, flie entire 
tin .surface is protected by paint. 

One of the most difficult j'oljs in flat-seain roofing is that of cover- 
ing a conicid lower, .\s the roof in question is round in plan and tapei^ 
ing in elevation, it is necessarj- to know the 
method of cutting the various patterns for the 
sheets. In ¥\g. 214 ABC shows the eleva- 
tion of a tower to \te covered with flat scam 
roofing, using 10 X 14^inch tin at the base. .-As- 
suming that the tower through H C i.s 10 feet 6 
inches, or 120 inches, in dianietei, the circum- 
ference is obtaineil by multiplying 126 by 
3.1410 which equals 39r).S41G, or say 3% 
inches. As 10 X 14-inch plate is to be used at 
the base of the tower the nearest width which 
can be employed, and which will divide the 
space into equal spaces, is 13^ inches witliout 
edge.s, thus dividing tlie circumference in 30 
e<|ual spaces. Tliis width of 13^ inches to- 
gether with the length of the rafter A B or B C 
in elevation, will be the basis from which all the 
patterns for tlie various courses will be laid ()ff. 
At any convenient place in die .shop or at 
the building, stretch a p!e<'e of tar felting of 
the re(iuire<l length, tacking it at the four corne,-s with nails to 
kceji the paper from moving, rjxin the center of the felting strike 
a chalk line as \ B in Fig. 21.",, makiufi it etjual to the length 
of the rafter A B or A C in Fig. 214. .\t right angles to A B, in 
Fig. 21.") at eitlKv side, draw the lines B D and B C each e(|ual to fij 
inches, being one half of die 13^ above referred to. From the points 
C and D draw lines to the apex A (shiiwu broken), jis the widtli of 
the sheet u.se.1 is 10 inches anil as we assume an edge of | inch for 
each side, tiuis leaving Of inches, measure ou the ve.-tical line A B 
lenglhs of Oj inches in succession, until the apex A is reached, leaving 
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the last sheet at the top to come as it may. Through the points thus 

obtained on A B draw Hues parallel to C D intersecting the lines A C 

and A I) {IS shown. Then the various shapes marked 1 2 3 etc. will 

be the net patterns for similarly numbered ^ 

courses. Take the shears and cut out the 

patterns on the felting and number 'them as 

required. 

For example, take the paper pattern 

No. 1 , place it on a sheet of tin as shown in 

Fig. 21 G, and allow ^-inch e<lges all around, 

and notch t!ie corners A B C and 1). Mark 

on the tin pattern **No. 1, 29 more", as 30 

sheets are required tp go around the tower, 

and cut 29 more for course No. 1. Treat 

all of the paper patterns from. No. 1 to the 

apex in similar manner. Of course where 

the patterns become smaller in size at the 

top, the waste from other patterns can be 

used. 

In Fig. 217 is shown how the sheets 

should be edged, always being careful to 

have the narrow side towards the top with 

the edge toward the outside, the same as in 

flat seam roofing. Lay the sheets in the 

usual manner, breaking joints as in general 

practice. As the seams are not soldered 

care must be taken to lock the edges well. 

After the entire roof is laid and before closing t!ie seams with the mallet 

take a small brush and 
paint the locks with thick 
white lead, then close 
with the mallet. This 
will make a water-tight 
job. After the roof is 
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Fig. 217. 

completed the finial D in Fig. 214 is put in position 

As the method used fcr obtaining the patterns for the various 
sheets in Fig. 215 is btised upon the principle use<l in obtaining the 
envelope of a right cone, some student may say that in accurate pat- 
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terns tlie line from C to P and all following lines should be curved, 
as if stnick with a railliLS from the t-enter A, and not straight as shown. 
To those the WTiter would say tliat the curve would be so little on a 
small pattern, where the radius is so long, that a straight line answers 
the purpose just as well in all practical work; for it wouM amount to 
considerable labor to turn edges on the curved cut of the sheet, an<l 
there is certainly no necessity for it. 

Wien diiTerent metals are to be connectetl together, as for instance 
tin roofing to copper flashing, or copper tubes to galvanizeii iron gut- 
ters, or zinc flashings in connection with copper linings, care must be 
taken to have the copper sheets thoroughly tinned on both sides whereit 
joins to the galvanized iron, zinc, or other metal, to avoid any electroly- 
sis between tlie two metals. It is a fact not well known to roofers 
that if we take a glass jar and fill it with water and place it in separate- 
ly, two clean strips,one of zinc and tfie other of copper, and connect the 
two witli a thin copper wire, an electrical action is the re.?ult, and if the 
connection remains for a long time 
(as the action is very faint) the zinc 
would be destroyed, because, it may 
be said, the zinc furnishes the fuel 
for the electrical action, tlie same 
as wijixl furni.shes the fuel for the 
fire. 'ITierefore, if tlie copper was 
not tinned, l>efore lucking into the 
other metal, ami the joint became 
wet with rain, the coating of the 
metal would be destn>yed by the 
electrical action between the two metals, and the iron would rust 
til rough. 

While the roofer is seldom called u|M»n to lay out patterns for any 
roofing work occasion may arise that a roof flashing is requiretl around 
a pipe passing through a roof of any pitch, as shown in Fig. 2IS, in 
which A represents a smoke or vent pipe passing tlirough the roof B B, 
the metal roof flashing being indicated by C C. If the roof B B were 
level the opening to be cut into the flashing C C would siniply be a 
true circle the same diameter as the pipe A. But wliere the roof 
pitches the oi)ening in the flashing becomes an ellipse, whose minor 
axis is the same as the diameter of the pipe, and whose major axis is 
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equal to the pitch a h. In Fig. 219 is shown how tliis opening is ob- 
tained by the use of a few nails, a string, and a i)encil, which the roofer 
will always have handy. 

First draw the line A B representing the slant of the roof, and 
then make the pipe of t!ie desired size passing through tliis line at its 
proper angle to the roof 
line. Next draw the center 
line R S of the pipe, as 
shown. Call the point 
where this line intersects 
the roof line, I, and the 
points where 1)E and CF 
intersect A B, G and II re- 
spectively. Through I draw 
K L at right angles to A B, 




making K I and I L each 
e(|ual to the half diameter 
of the pipe. Having estab- 
lished the minor axis K L 
and the major axis G H, 
the ellipse is made by tak- 
ing I H, or half the major 
axis, as a radius, and with 
L as a center strike arcs in- ^^* "'^^• 

tersecting the major axis, at points M and N. Drive a small nail in 
each of these two points and attach a string to the nails as shown by 
the dotted lines K M N, in such a way that when a pencil point is 
placed in t!ie string it will reach K. Move the pencil along the 
string, keeping it taut all the time until the ellipse K H L G is ob- 
tained!. Note how the positi(m of tlie string changes when it reaches 
a, then 6, etc. 

STANDINQ-SEAM ROdFINQ 

Another form of metal roofing is that known as standing seam, 
which is used on steep roofs not less than \ pitch, or \ the width 
of the building. It consists of metal sheets whose cross or horizontal 
seams are locked as in Hat seam roofing, and whose vertical seams are 
standing locked seams, as will be described in connection with Figs. 
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Fig. 220. 



220 to 229 inclusive. Assume that 14 x 20-inch sheets are used and 
the sheets are edged on the 20-inch sides only, as sliown by A in Fig. 
220, making the sheet 13x 20 inches. After the required number of 
sheets have been edged, and assuming that the length of the pitched 

roof is 30 feet, then as many sheets are 
lockeil together as will be required, and 
the seams are closed with the mallet 
and soldered. In practice these strips 
are prepared of the required length in the 
shop, painted on the underside, and when 
dry are rolled up and sent to the building. 
If desired they can be laid out at the build- 
ing, which avoids the buckling caused by rolling and transportation 
from the shop to the job. 

After the necessarj' strips have been prepared they are bent up 
with the roofing tongs, or, what is better and quicker, the roofing edger 
for standing-seam roofing. This is a machine into which the strips of 
tin are fed, being dis- 
charged in the required 
bent form show^n at A or 
B in Fig. 221, bent up 1 
inch on one side and 1 J 
inches on the other side. 
Or the machine will, if 
desired, bend up IJ inches and It inches, giving a J-inch finished 
doubled seam in the first case and ^ 1-inch seam in the second. 
Wien laying standing-seam roofing, in no case should any nails 
be driven into the sheets. This applies to tin, copper or galva- 
nized iron sheets. A cleat should be used, a.s show^n 
in Fig. 222, which also shows the full size for laying 
the sheets given in Fig. 221. Thus it will be seen in 
Fig. 222 that } inch has been added over the measure- 
ments in Fig. 221, thus allowing edges. 
"^ These cleats shown in Fig. 222 are made from 

^^' ' scrap metal; they allow for the expansion and con- 
traction of die r(K)fing and are Used in practice as shown in Fig. 223, 
which represents the first operation in laying a standing-seam roof, 
and in which A represents the gutter with a lock attached at B. The 
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glitter being fastened in position by means of cleats under the 
lock B — the same as in flat seam roofing — the standing seam strips 
are laid as follows: Take the strip C and lock it well into the 
lock B of the gutter A as shown, and place the cleat shown in Fig. 
222 tightly against the upright bend of the strip C in Fig. 223 as shown 
at D, and fasten it to the roof by means of a 1-inch roofing nail a. 




Fig. 223. 

Press the strip C firmly onto the roof and turn over edge b of the cleat 
D. This holds the sheet C in position. Now take the next sheet E, 
press it down and against the cleat D and turn over the edge rf, which 
holds E in position. These cleats should be placed about 18 inches 





Fig. 2LM. 



Fig. 225. 



apart and by using them it will be seen that no nails have been driven 
through the sheets, the entire roof being held in position by means of 
tlie cleats only. 

The second operation is shown in Fig. 224. By means of the 
hand double seamer and mallet or with the roofing double seamers and 
squeezing tongs, the single seam is made as shown at a. The third 
and last operation is shown in Fig. 225 where by the use of the same 
tools the doubled seam a is obtained. In Fig. 226 is shown how tie 
finish is made with a comb ridge at the top. The sheets AAA have 



263 



180 



SHEET METAL WORK 



on the one side the single edge as shown, while the oppo^te side B has 
a double edge turned over as shown at a. Tlien, standing; seams bbb 
are soldered down to c. 

In Fig. 227 is shown how the side of a wall is flashed and counter 




Fig 22C,. 
flashetl. A shows the gutter, B tlie leader or rain wafer conductor, 
and C the lock on the gutter A, fastened to the roof Iniards by cleats 




Fig. 227. 
as shown at D. The back of tlie gutter is liashed up against the wall 
as high as shown by tlie <lotted line E. F represents a standing-seam 
atrip locked into the gutter at II and flashed up against the wall as high 
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as shown by the dotted Hne J J. As the flashing J J E is not fastened 
at any part to the wall the beams or wall can settle without disturbing 
the flashing. The counter or cap flashing K K K is now stepped as 
showTi by the heavy lines, the joints of the brick work being cut out to 
allow a one-inch flange d d d etc. to enter. This is well fastened with 
flashing hooks, as indicated by the small dots, and then made water- 
tight with roofer's cement. As will be seen the cap flashing overlaps the 
base flashing a distance indicated by J J and 
covers to L L; the corner is double seamed at 
a 6. M shows a sectional view through the 
gutter showing how the tubes and leaders are 
joined. The tube N is flanged out as shown 
at I i, and soldered to the gutter; the leader 
O is then slipped over the tube N as shown, 
and fastenedt 

In the section on Flat-Seam Roofing it 
was explained how a conical tower, Fig. 214, 
would be covered. It will be shown now 
how this tower would be covered with stand- 
ing-seam roofing. As the circumference of 
the tower at the base is 396 inches, and 
assuming that M x 20-inch tin plate is to 
be used at the base of the tower, the nearest 
width which can be employed and which 
will divide the base into equal spaces is 17 j^y 
inches, without edges, thus dividing the cir- 
cumference into 23 equal parts. Then the 
width of 17/3- inches and the length of the 
rafter A B or AC in elevation will be the q 
biisis from which to construct the pattern 
for the standing seam strip, for which pro- 
ceed as follows : 

Let A B C D in Fig. 228 represent a 20-inch wide strip locked and 
soldered to the required length. Through the center of the strip draw 
the line E F. Now measure the length of the rafter A B or A C in Fig. 
214 and place it on the line E F in Fig. 228 as shown from H to F. At 
right angles to 11 F on either side draw F O and F L making each 
equal to 81] inches, being one half of the 17/3^ above referred to. 




Fig. 228. 
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Prom points L and O draw lines to the apex H (shown broken). At 
right angles to H L and II O draw lines II P equal to 1} inclies and 
H S ecjual to 1 \ inches respectively. In similar manner draw L D and 
O C and connect by lines the points P D and S C. Then will P S C D 
be the pattern for the standing seam strip, of which 22 more will be 
required. Wien the strips are all cut out, use the roofing tongs and 

bend up the sides, after which they are laid on 
the tower, fastened with cleats, and double 
seamed with the hand seamer and mallet in 
the usual manner. 

If the tower was done m copper or galva- 
nized sheet iron or steel, where 8-foot sheets 
could be used, as many sheets would be cross- 
locked together as required; then metal could 
be saved, and waste avoided, by cutting the 
sheets as shown in Fig. 229 in which A B C D 
shows the sheets of metal locked together, and 
E and F the pattern sheets, the only waste be- 
ing tliat shown by the shaded portion. Where 
the finial D in Fig. 214 sets over the tower, the 
standing seams are turned over flat as much 
^^" "" " as is required to receive the finial, or small 

notches would be cut into the base of tlie finial, to allow it to slip over 
the standing seams. Before closing the seams, they are painted with 
white lead with a tool brush, then closed up tight, whicli makes a good 
tight job. 

CORRUGATED IRON ROOFING AND SIDING 

Corrugated iron is used for roofs and sides of buildings. It is 
usually laid directly upon the purlins in roofs constructed as shown in 
Figs. 230 and 231, the former being constructed to receive sidings of 
corrugated iron, while in the latter figure the side walls of the building 
are brick. Special care must i)e taken that the projecting edges of the 
corrugjiteil iron at the eaves and gai)le ends of the roof are well secured, 
otlicrwise the wind will loosen the sheets and fold them up. The cor- 
rugations are made of various sizes such as 5-inch, 22-inch, l}-inch 
and :]-incii, the nicasurenients always being from A to B in Fig. 232, 
and the dcj)th being shown by C. The smaller corrugations give a 
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more pleasing; appeiirance, hut tlie larger corrugations jire stiffer and 
will spun a greater liistance, thereby i>orniittiiig the |>urlins to be further 




Fig. 230. 
The thickne.s.s of the metal gene-ally used for roofing and siding 
varies from No. 24 to No. IG gauge. By actual trial inatle by 'Hie 




Vig. 231. 
Keystone Bridge Company it wa.s founil that corrugated iron No, 20, 
spanning feet, began to give ^ 

permanent deflection at a load of 
30 lb. per square foot, and tliat 
it collapsed with a loatl of 00 lb. 
per square foot. Tlie distaiue "' "' "* 

between centers of purlin.s should, therefore, not exceed feet, and 
preferably be less than this. 
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TABLES 

The following tables will prove of value when ilasiring any infor- 
mation to which they appertain. 

mp:asurement8 of corrugated sheets 

Dimensions of Sheets and Corrugations. 



a 


thof 
gallon 


th of 
gallon 


. M 




a. 

? = - 




h of the 
t sheets 
shed 


Kin 
corruj 


^ 


ft3 





> i* S 
c ^ -* 








5 Inch. 




Vi 


34 inch. 


27 inch. 




5 inch. 


1 Inch. 


6 


10 feet. 


254 Inch. 


2% Inch. 


54 to H inch. 


10 


24 inch. 


26 inch. 


10 feet. 


1 14 Inch. 


Mi inc-h. 


)» lo 54 inch. 


19!4 


24 Inch. 


26 inch. 


10 feet. 


}i Inch. 


>i Inch. 


5i inch. 


34 J4 


25 inch. 


a» inch. 

• 


8 feet. 



RESULTS OF TEST 

of a corrugated sliect No. 20, 2 fet^t wide, G feet long between supports, loaded 
uniformly with firc! clay. 



Load 

per square foot. 

lb. 


Deflection 

at center under load. 

Inches. 


Permanent Deflection, 
load removed. 
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1 





10 


1 





15 


1 





20 


li 





2r, 
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30 
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1 
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2? 

95 


40 




4r, 


Si 


U 


50 


4 


n 


j5 


<H 


Not noted. 


60 


Broke down. 


• 



The following table shows the distance apart the supports should 
be for different gauges of corrugated sheets: 

Nos. 10 and IS 6 to 7 feet apart. 

Nos. 20 and 22 4 to 5 feet apart. 

No. 24 .2 to t feet apart. 

No. 28 2 fwt apart. 
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The following tjible is ciilculiitcd for .sliwls IJOi iiiflics wi.k- 1 
corrupting. 
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LAYING CORRUGATED ROOFING 
Wlien laying corrugated iron on wood .slieatliiiig iLse galvanized 
iron nails and leml washers. The advantage in using lead washers is 
that they make a tight joint and prevent leaking and rusting at the nail 
hole; the washer being s(ift it easily shapes itself to any curve. In Fig. 
233 is shown how these wasliers are used; A shows tlie full size nai! 




Fig. 2.33. 



and washer. When laying, commence at the left hand corner of the 
eave and end of the builiiing. Continue laying to the ridge l)y lapping 
the .second sheet over the first 4 inches.the left-hand edge being finished 
by means of a gable band A, formed a^i shown in Fig. 234, into which 
the corrugated slieet B is well bedded in r«x>fer's cement C. Wien it 
is not desired to u.se this gable band the sheet must be well secured at 
the edge to keep the wind from raising the sheet.s from the roof in a 
stonii, :ls at A in Fig. 2'HI. 
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Should tlie guhic liavc ii fire wall, tliet) let the sheets A butt agdnst 
the wall and flash witli corrugated flashing as sliown in Fig. 235, over 
which die regular cap or counter flashing is placed as explained in 
connection with Fig, 227. Should 
the ridge of the roof A butt 
against a wall, as shown at B in 
Fig. 230, then an end-wall flash- 
ing is used as is shown in Fig. 
23G which must also be capped, 
by either using cap flashing or 
allowing the corrugated siding 
to overlap this end-wall flashing 



rig. 234. Fig. 235. 

as would be the case at B in Fig. 23(). Now commence the 
second courae at the eaves, giving one and one half corrugations for 
side lap, being careful that the side corrugations center each other 
exactly and nul with washers as shown in Fig. 237. Nail at every 
other corrugation at end laps, 
and at about every 6 inches at 
side laps, nailing through top 
of corrugation as shown in 
'^' Fig, 237. Continue laying in 

this manner until the roof is covered. 

The same rule is to be observed in regard to laps and flashing if 
the corrugated iron were to be fastened to iron purlins, and tlie method 
of fastening to the iron frames wouki be accomplisheil as shown in Figs. 
238 to 240 inclusive. Assuming that 
steel structures are to be covered, as 
shown in Figs. 230 and 231, tlien let 
A in Fig. 2;i8 be the iron rafter, B 
the cross angles on which the sheets D are laid, then by means 
of the cUp or clamp C, which is ma<ie from hoop iron and bent around 
the angle B, the sheets are riveted in position. In Fig. 239 is shown 
another form of clamp, which iu bent over the bottom of the angle iron. 



Fig. 2.37. 



SHEET METAL ^VORK 



187 



Fig. 240 shows still another method, where the clamp F is riveted to the 
sheet B at E, then turned around th« angle A at D. To avoid having 
the storm drive in between the corrugated opening at the eaves, cor- 
rugated wood filler is used as shown in Fig. 241. Thb keeps out the 






Fig. 240. 



Fig. 238. Fig. 239. 

snow and sleet. On iron framing thb is made of pressed metal. 
Another form of corrugated iron roofing is shown in Fig. 242. This is 
put down with cleats in a manner similar to standing-seam roofing. 

If there are hips op the roof, the corrugated iron should be care- 
fully cut and the hip covered 
with sheet lead. This is best 
done by having a wooden cove 
.or filler placed on the hip, 
against which the roofing butts. 
Sheet lead is then formed over 
this wooden core and into the 
corrugations, and fastened by 
means of wood screws through the lead cap into the wooden core. 
The lead being soft, it can be worked into any desired sh^)e. 
When a valley occurs in a hipped roof, form from pliun sheet iron 
a valley as shown in Fig. 243, lieing sure to give it two coats of paint 

before laying, and make 

it from 24-inch wide 
- sheets, bending u p 1 2 

inches on each side. 

Fit it in the v^ey, and 
cut the corrugated iron to fit the requiretl angle. Then lap the 
corrugated iron over die valley from 6 to S inches. 

When a chimney i.s to \k fla-shed, as .shown in Fig, 244, use plain 
iron, bending up and flashing intit the chimney joints, and allowing 
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the flashing to turn up under the corrugated iron at llie top about 12 
inches and over the corrugated iron at the bottom about the same 
dbtance. At the side the flashing should have the shape of t!ie cor- 
rugated iron and receive a lap of about 8 inches, tlie entire flashing 




being well bedded in nxjfer's ce:iient. Wien a water-Jght joint is 
required around a smoke stack, as shown in Fig, 245, the corrugated 
iron is first cut out as shown, then a flashing built around olie half tlie 
upper part of the stack to keep the water from entering inside. Tliis 
b best done by using heavy 
slieet lead and riveting it to 
the sheets, using strips of sim- 
i 1 a r corrugated iron as a 
washer to avoid damaging the 
lead. Before riveting, the 
flashing must be well bedded 
in roofer's cement and then 
make a beveled angle of 
cement to make a good joint. 
After this upright flashing is 
in [losition a collar is set over 
the same and fastene<l to the 
stack by means of an iron ring 
Cement is used to make a water- 




Fig. 243. 



bolted and made tight as shown. 

tight joint aniund the stack. Tliis constructi<m gives room for the 

stack to sway and allows the heat to escape. 

Sometimes the end-wall flaahing shown in Fig. 23(i can he used 



SIIKRT METAL WORK 



to good advantage in building tlie upright flashing in Fig. 245. AAHiere 
the corrugated iron meets at tlie ridge, as at D and D in Figs. 230 and 




Fig, 244. 
231, a wooden core is placed in position as explained in connection with 
the hip ridge, and an angle ridge, pressed by dealers who furnish the 




FiK- 2-1.1. 
corrugated iron, is placed o^-cr tlie ridge as shown in Fig. 240. When 
a ridge roll is re<juired, the sliajie shown in Fig. 247 is employed. 
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'^These ridges are fastened direct to the roof sheets by means of riveting 
or bolting. 

LAYING CORRUGATED SIDING 

Before putting on any corrugated siding or clapboarding, as 
shown in Fig. 248, a finisli is usually made at the eaves by means of a 




Fig. 246. 

hanging gutter or a plain cornice, shown in Fig. 249, which is fastened 
to the projecting wooden or iron rafters. This method is generally 
used on elevators, mills, factories, barns, etc., where corrugated iron, 
crimped iron or clapboards are used for either roofing or siding. This 




Fig. 247. 

style of cornice covers the eaves and gable projections, so as to make 
the building entirely ironclad, ^^^len laying the siding commence 
at the left hand corner, laying the courses from base to cornice, giving 
the sheets a lap of two inches as the ends and one and one half corruga- 




Fig. 248. 

tions at tlie sides. Nail side laps every 6 inches and end laps at every 
other corrugation, driving the nails as shown in Fig. 250. 

Wliere tlie sheets mu.st be fastened to iron framing use the same 
method as explained in connection with Figs. 238, 239 and 240. In 
this case, instead of nailing the sheets, they would be riveted. If siding 
is put on the wooden studding care should be taken to space tlie stud- 
ding tlie same distance apart as the laying width of the iron used. In 
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this case pieces of studding should l>e placed between the uprights at 
the end of each sheet to nail the laps. TOien covering grain ele\'ators 




it is necessary to use swinging scaffolds. Commence at the ba,se and 
carry up the course to the eave, the length of the scaffold. Commence 
at the left hand and give Hie sheets a lap of one cor. ugation oii ihe side 
and a two-inch lap at the eiKl. 
Nail or rivet in every corru- 
gation 3 inches from the lower 
end of the sheet; this allows 
for settling of tlie building. 

When any structure is to 
be covered on two or more 
sides, corner casings made of 
flat iron are employed, of a 
shape similar to that shown at 
B, Fig. 251. It will be seen 
that a rabliet is bent on both 
sides a and b to admit tlie 
siding. This makes a neat finish on the outside and hides tlie 
rough olge-i of tlie siding. If a window opening is to have 
casings a jamb is used as shown at A, Fig. 2.'S1 , which has a similar rab- 
bet at a to receive the siding, and a square bend at h to nail again.st the 
frame. In Fig. 252 is sh<iwn the cap of a window or opening. It is 
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bent so that a is tilled to the window or other fraiae at the bottom, 
while b forms a flashing over which the siding will set. Fig. 253 shows 
the ^11 of a window, which has a rabbet at o, in which the sidinp is 





Fig. 2.'i2. Fig. 2M. 

3lippe<l; then b forms a drip, and any water coming over the sill passes 
over the siding without danger of leaks; c is nailed in white lead to the 
window frame. 

Another use to which corrugateil in>n Is put is to cover sheds and 
awnings. Sheets laid on wood are nailed in the usual manner, while 
^eets laid on angle iron construction are fastened as explainetl in t e 
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preceding sections. In Fig. 2.54 is shown an awning o\er a store laid 
on angle iron support-s. In work of this kind, to make a neat appear- 
ance, tlie sheets are curved to conform to tlie iron bracket A. 
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PLATE IX: 
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EXAMINATION PLATES 



SKYLIGHTS 



The plates of this Instruction Paper should be laid out the same 
size as in the previous books (10 x 14 inches). The student should 
first practice on other paper, then copy and send the corrected drawing 
for correction and examination. These final Examination Plates to be 
drawn in this course m\\ consist of Plates VI, VII, and VIII and will be 
that of a hipped skylight with a ventilator. No copies of the plates are 
given, but with the following explanation the student should be able to 
construct the same without any trouble. The pitch of the skylight 
is to be one third, and Fig. 178 is given as an example of the work to be 
done with the following exceptions. On plate VI, within J inch inside 
of the margin lines, draw the one-half section of the skylight, the one- 
quarter plan, and the patterns for the common and jack bars. On 
Plate VII place a reproduction of the one-quarter plan omitting the plan 
of the jack bar; and from the plan of the hip construct the diagonal 
elevation of the hip bar, also its true profile and pattern. In this case 
the heights are taken from the one-half section in Plate VI and trans- 
ferred to Plate VII so as to obtain the diagonal elevation. On Plate 
VIII place a tracing of the one-half section from Plate VI, and 
develop on Plate VIII the patterns for the curb as shown in Fig. 178. 
On Plate VIII also develop the patterns shown in Figs. 179, 180 and 
181, so as to neatly fill the plate. 

ROOFING 



Read carefully : Place your name and full address at the head of the 
paper. Any cheap, light paper like the sample previously sent you may be 
used. Do not crowd your work, but arrauge it neatly and legibly. Do not 
copy the answers from the Instruction Paper; use your own words, so that 
we may be sure that you understand the subject, 

1. \Miat care must be taken when notching tin plate for flat 
seam roofing? State the reasons why. 

2. What care must be taken when the sheets are painted on the 
underside? 
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3. In putting in flashing why is a base and counter flashing pre- 
ferable to a full flashing? 

4. \Miat is the object in using cleats in roofing? 

5. When are valley sheets employed? 

6. How is a water-tight joint obtained between storx* and 
metal? 

7. W hat style soldering coppers are used for roofing, and why 
is the small groove filed on its lower side? 

8. What style soldering coppers are used for upright soldering, 
and how are they tinned ready for soldering? 

9. WTiat is liable to occur w^hen a roof is painted and the rosin 
has not been scraped off? 

10. What is liable to happen when galvanized iron and copper 
are joined together? 

11. How can the disturbance between the two metals be pre- 
vented? 

12. Describe the laying of a valley in a corrugated iron roof. 

13. What is used to make tight joints in roofing, where no solder 
is employed? 

14. WTien a corrugated iron roof is laid on sheathing, how is it 
fastened? 

15. WTien the same roof is laid on iron framing, how is it fas- 
tened? 

10. How are the hip ridges fastened and made tight over cor- 
rugated iron roofing? 

17. AMiat is known by a side wall flashing in a corrugated iron 
roof? 

18. How is this side wall flashing made water tight? 

19. What is known as an end wall flashing, and how is this 
flashed? 

20. To make a neat finish at the ends of the gables, what is em- 
ployed? 

On Plate IX is shown a plan and elevation of a hipped roof draw^n 
to a scale of J inch to the foot. The student is not to make any 
reproduction of this plate but is only to figure out the quantities in this 
roof also the amount of hip rolls required, following the rules given 
in connection with the problems on Roof Mensuration in this book. 
In order that we may know wlietlicr tlie student understands the prin- 
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ciples of obtaining the length of the hip ridge, he is to show the method 
of getting this length both in plan and elevation on Plate IX following 
the rules given on Roof Mensuration, and l)e careful not to soil the 
Plate in making the elevations of the hip. 

After completing the work, add and sign tlie following statement: 

I hereby certify that the alx)vo work is entirely my own. 

(Signed) 
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CORNICE OVER BRICK BAY * 



An elevation and plan of a brick bay are shown in the illustration, the 
sides of which are S inches, 3 feet 2 inches and 5 feet 10 inches wide. Laps 
or flanges for soldering are to be allowed on the 3 feet 2 inch pieces and no laps 
on the S inch and 5 feet 10 inch pieces. The lookouts or iron braces are indi- 
cated in the plan by the heavy dashes making n total of required. 

After the detail section is drawn and knowing the angle of the bay in plan, 
the angle is placed as shown l>y ABC, being careful to place CB on a line drawn 
vertically from 3-4 in the section. The miter line is then drawn as shown by 
BD, the section divided into equal spaces, and vertical lines dropped to the 
miter line BI) as shown. At right angles to BC the girth of the section is 
drawn as shown by similar figures from 1 to 20, through which points at right 
angles to 1-20, lines are drawn and intersected by similar numbered lines 
drawn from the miter line BI) at right angles to BC, thus obtaining the upper 
miter cut shown. Now using this miter cut in practice, make the distance 
from either points 25 or 24 (which represents the line of the wall) equal to 
8 inches, 3 feet 2 inches and 5 feet 10 inches. The 3 feet 2 inches and 5 feet 
10 inches have opposite miter cuts as shown. 

As will be seen by the plan, two eight inch pieces will be required, one 
right and one left and two 3 feet 2 inch and one 5 feet 10 inch pieces. Nine 
iron lookouts will be required formed to the shape shown in the detail section, 
where holes are punched for bolting as there indicaten:!. 



*The illustration referred to will be found on the back of tliis page. 
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SHEET METAL WORK 

PA1{T IV 

CORNrCE WORK 

There is no trade in the l)uil(lin<j: line t<)-(hiv which has made such 
rapid progress jls that of Sheet-Metal Cornice, or Architectural Sheet- 
Metal Work. It is not very lorjg since the general scope of this branch 
of craftsmanship merely represented a tin-shop business on a large 
scale. But as things are to-day, this is changecl. From an enlarged 
tin-shop business, sheet-metal cornice work, including under that title 
ever}^ branch of architectural sheet-metal work, has become one of the 
sirl)stantial industiies of the country, comparing favorably wdth almost 
any other mechanical branch in the building trades. Nor is this work 
confined to the larger cities. In t-ie smaller towns is shown tiie prog- 
ress of architectural sheet-metal work in the erection of entire building 
fronts constructed from sheet metal. 

CONSTRUCTION 

Sheet-metal cornices have heretofore, in a great measure, l)een 
duplications of the designs commonly employed in wood, which, in 
turn, with minor modifications, were imitations of stone. 

With the marked advancement of this industrj-, how'ever, this 
neeil no longer be the case. A sheet-metal cornice is not now imita- 
tive. It possesses a variety and beauty peculiarly its own. No pat- 
tern is too complex or too difficult. Desigas are satisfactorily executed 
in sheet metal which arc impossible to produce in any other material. 
By tlie free and judicious application of pressed metal ornaments, a 
product is obtained that ecjuals car\ed work. For lK)ldness of figure, 
sharp and clean-cut lines, sheet-metal work takes the lead of all com- 
petitors. 

In order thut there may be no misunderstanding as to the various 
parts contained* in what the sheet-metal worker calls a "cornice," 
Fig. 255 has been prepared, which gives the names of all the members 
in the "entablature'' — the architectural name for what in the shop is 
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known as the cornice. The term * 'entablature" is seldom heard 
anaong mechanics, a very general use of the word "cornice" having 
supplanted it in the common language of business. 

An entablature consists of three principal parts — the cornice, the 
jriezc, and the architrave. A glance at the illustration will ser\^e to 
show the relation that each bears to the others. Among mechanics 
the shop term for architrave is foot-moulding; for frieze, panel; and for 
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FiK. 255. 

the sub(li\asions of the cornice, dentil course, modillion course, bed- 
mould, and croiim-mouhL In the modillion course, are the modillion- 
hand and modillion'inould; while in the dentil course are the dentil- 
haml and dtntil-inould. Drips are shown at the bottom of tlie crown- 
and f(X)t-mould fascias, and the ceiling under the crown mould is called 
tlie planceer. The edge at the top of the cornice is called a lock, and is 
used to lock the metal roofing into, when covering the top of the cor- 
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nice. In tlie panel, there are the panel pn>|)er, the pancl-iiwiild, ami 
the stile. The side ami front of the nio<lilli()n are also shown. 

Fig. 2.')fi show,s the side and front \iew of what la known as a 
l)racket. T.ai^ terminal brackets in 
cornices, which project l>eyond the 
mouldings, and against which the 
mouldings end, are called trusses, a 
front and a side view of which are 
shown in Fig. 257. A l>lock placed 
above a common bracket against 
which the moulding ends, is called u 
stop block, a front and a side view of 
which are shown in Fig. 258. 




Fit,'. 250. 




FRONT 



SIDE 



I'iC- 257. 
uinns, snch as those shown 
column would be formed 
up in slieet nielal, and 
capital purcha.sed and 
dered in po.sition. In Fig. 
2()3, A shows an inchned 
moulding, which, as far as 
general position is con- 
cerned, would be the same as a gable 



Fig. 2.')9 is tlie front eleva- 
tion of a cornice, in which are 
shown the truss, the bracket, the 
modiUion, the dentil, and the 
panel. It is sometunes the case, 
in the construction of a cornice, 
that a bracket or modillion is 
called for, whose front an<l sides 
are canned as shown in the fntnt 
and side views in Fig. 2()0, In 
tliat case, the brackets are ob- 
taineil froni dealers In pressed 
ornaments, who make a specialty 
of this kind of work. The same 
applies to capitals which would 
be ren»ire<l for pilasters or col- 
Figs. 261 and 262. The pilaster or 
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Raking mouMiiujn are tliose wliicli are inclined as hi & gable oi 
pediment; but, inasiniirti as to miter an inclined moulding (as A) into a 
horizontal moulding (as B and C), under certain conditions, necessi- 
tates a changeof profile, tlie term "to rake." among sheet-metal work- 
ers, has come to mean "to change profiles" for the accomplishment of 




FRONT ELEVATION 
FiR, 2.W 
such a miter. Hence the term "raked moulding" means one whose 
profile has l>een cliange<l to admit of mitering. 

The term miter, in common usage, designates a joint in a mould- 
ing at any angle. 

Drawings fonn a verj' important part in sheet-metal architectural 
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work. An rlci-atimi is a geometrical imijection of a Iniilding or other 
ohj'ect, on ft plane jierjjendicular tn the horizon — as, for example. 
Figs, 2.'i9 and 2(i3. Elevations are ordinarily drawn to a scal6 of J or 
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f. imrli to tlie foot. A ■tcclional d.miriiuj slums a view of a building or 
other object ji.s it wmili! uppeJir if cut in two at a given vertical line — 

as, furexainple. Fig. ^■V>. /)Wa(7(/raw«iii/«ii;x' ordinarily full size, and 



Tracinifii are duplicate <irawings, 
■loth or pa|>er placed over the orig- 




I rawing. ^Iuti' 
enoiifr!i,WfI.clicve,lii 
general jxiints. 



otiicr Icniis niigiil lie iiitnidiiced liere; but 
been |)rcscnte<l to give tlie student tlic le.idiiij; 
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A few wiiriiy are necessary cm tlie subject of fastening the cornice 
to the wall. 

Sheet-metal cornices are ma^Ie of sucli a wide range of sizes, aD() 
are retniired to be place*! in so many different locations, that the 
methoils i-f cimstniction, when wooden lookouts are employed and 




FiR. 264. 
when the cornice is pnt tofjelher at tlie building in parts, are worthy of 
the nio.st c;irefnl study. The general onler of proceiiure in putting 
uji, is as follows: 

Tlie foot-moulding or architrave a b (Fig. 2f)4) is set upon the 
wall finisheil U]» to /, the drip a being drawn tight against the wall. 
The brickwork is then carried up, and the lookout A placed in position, 
the wall being carnal up a few courses higher to hold the lookout in 
position. A Iward li is then nailed on top of the lookouts (which 
should be placed alxnit tiiree feet apart) ; and on this the flange of the 
foot-mouhl b is fjisteneii. The frie/e <:r panel 6 c is now place<l into 
the lock li, which is cK sed and soldered; when the hntkout C and the 
board D are placed in tlieir proper positions, as before described. 
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The plaiiceer and bed-mould c d are now locked and soldered at 
D, and the lookout E placed in position, with a board F placed under 
the lookouts the entire length of the cornice; onto this board the plan- 
ceer is fastened. Having tlie proj)er mea.surements, the framer nov/ 
constructs his lookouts or brackets G II I E, fastening to the beam at 
T, when the crown-mould d c is fastened to the planceer, through the 
flange of the drip at d, and at tlie top at c. The joints between lengths 
of mouldings, are made by lapping, riveting, or bolting, care being 
taken that tliev are ioined so neatly as 
to hide all indications of a seam wlien 
finished and viewed from a short 
distance. 

If brackets or modillions are to 
be placed in position, they are riveted 
or bolted in position ; or sometimes the 
back of the cornice is blocked out 
with wood, and the brackets screwed 
in position through their flanges. 

While a galvanized-iron cornice 
thus constructed on wooden lookouts 
will resist fire for a long time, a strict- 
ly fireproof cornice is obtained only 
by the use of metal for supports and 
fastenings, to the entire exclusion of 
wood. This fireproof method of con- 
struction is shown in Fig. 205. In- 
stead of patting up in parts on the building, the cornice is con- 
structed in one piece in the shop or upon the ground, and hoisted 
to the top of the wall in long lengths easily handled. A drip a is used 
at the bottom of the foot-mould, and the joints made in the way in- 
dicated at b and c, with a lock at d. Band iron supports and braces 
are used, fonned to the general contour of the parts as shown by A B 
C, and bolted direct to the cornice, as shown, before hoisting. 

\\1ien the cornice sets on the wall as at C, anchors are fastened 
to the main brace, as at D and E, with an end bent up or down for 
fastening. If the cornice sets perfectly plumb, the mason carries up 
his wall, which holds the cornice in a finn position. The top and 
back are then framed in the usual manner and covered by the metal 




Fig. 2()5. 
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roofer. In constructing cornices in this manner, the mouldings are 
run through solid, behind all brackets and modillions. The brackets 
and modillions are attached by means of riveting through outside 
flanges. 

SHOP TOOLS 

One of the most important tools in cornice or architectural sheet- 
metal working shop is the brake. On those operated by hand, sheets 
are bent up to 8 feet in one continuous lengtl*. In the larger shops, 
power presses or brakes are used, in which sheets are formed up to 10 
feet in length, the press being so constructed that they will fonn ogees, 
squares, or acute bends in one operation. 

Large 8- or 10-feet squaring shears also form an important ad- 
dition to the shop, and are operated by foot or power. 

A\Tien cornices are constructed where the planceer or frieze is very 
wide, it is usual to put crimped metal in, to avoid tlie waves and l)uck- 
les showing in the flat surface; for this purpose the crlmpltu/ machine 
is used. 

In preparing the iron braces for use in the construction of fire- 
proof cornices, a 'punching machine and sUffing shears are used for 
cutting the band iron and punching lioles iir it to admit the bolts. 
WTiile braces are sometimes bent in a v'se, a small machine known as a 
brace bender is of great value m the shop. In large fireproof building 
constructions, it is necessary that all doors, window frames, and even 
sashes be covered with metal, and made in so neat a manner that, 
when painted and grained, no differences will be apparent to indicate 
whether the material is wood or metal, the smallest bends down to ^ 
inch being obtained. This, of course, cannot be done on the brakes 
just mentioned, but is done by means of the draw-bench y which is con- 
stnicted in lengths up to 20 feet and longer, operated by means of an 
endless chain, and capable of drawing the sheet metal over any shaped 
wood mould as tightly as if it were cast in one piece. The smaller 
tools in the shop are similar to those described in the Instruction 
Papers on Tinsmithing and Sheet Metal Work, Part I. 

METHOD EMPLOYED FOR OBTAINING PATTERNS 

The principles applied to cylinder developments um explained in 
the Tinsmithing and Sheet Metal Work courses, under the headirg 
of *Tarallel-Line Developments," are also applicable for obtaining 
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the patterns for any moulding where all members run parallel ; for it 
makes no difference what profile is employed, so long as the lines run 
parallel to one another, the parallel-line method is used. While 
this method is chiefly employed in cornice work, other problems will 
arise, in which the **lladial-Line" and Triangulation'' methods (ex- 
plained in previous Papers) will be of service. 

The term generally used in the shop for pattern cutting on corniCv^ 
work is miter cutting. To illustr-ite, suppose two pieces of mouldings 
are to be joined together at 
angle of 90°, as shown in Fig. 
266. The first step necessary 
would be to bisect the given 
angle and obtain the miter- 
line and cut each piece so that 
they would miter together. If a Fig. 2()G. 

carpenter had to make a joint of this kind, he would place his moulding 
in the miter-box, and cut one piece right and one piece left at an angle 
of 45°, and he would be careful to hold the moulding in its proper po- 
sition before sawing; or else he may, instead of having a return miter 

as shown, have a face miter as in 
a picture frame, shown in Fig. 
267. The sheet-metal cornice- 
maker cannot, after his moulding 
is formed, place it in the miter- 
hX)x to cut the miter, but must 
lay it out — pr, in other words, 
develop it — on a flat surface or 
sheet of metal. lie must also be 






Fig. 2G7. 



careful to place the profile in its proper position with the miter- 
lino; or else, instead of having a return miter as shown in Fig. 266, he 
will have a face miter as shown in Fig. 267. If he lays out his work 
correctly, he can then cut two pieces, form one right and the other left, 
when a miter will result between tlie two pieces of moulding and will 
lo( k as shown in Fig. 266. If, however, a face miter is desired, as 
shown in Fig. 267, which is used when miters are desired for panels 
and other purj)oses, the method of laying them out will be explained as 
we proceed. The same principles recjuired for developing Figs. 266 
and 267 are used, whether the mouldings are mitered at angles of 90° 
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or otherwise. The method of raking the mouldings — or, in other 
words, changing their profile to admit the mitering of some other 
moulding at various angles — will also be thoroughly explained as we 
proceed. 

VARIOUS SHAPES OF MOULDINGS 

The style of mouldings arising in the cornice shop are chiefly 
Roman, and are obtained by using the arcs of a circle. In some cases, 
Greek mouldings are used, the outlines of which follow the curves 
of conic sections; but the majority of shapes are arcs of circles. In 





Fig. 2G8. Fig. 2G9. 

Figs. 268 to 272 inclusive, the student is given a few simple lessons on 
Roman mouldings, which should be carefully followed. As all pat- 
tern-cutters are required to draw their full-size details in the shop from 
small-scale drawings furnished by the architect, it follows that they 
must understand how to draw the moulds with skill tod ease; other- 





Fig. 270. 



Fig. 271. 



wise freehand cur\es are made, which lack proportion and beauty. 

In Fig. 2G8, A shows the mould known as the cyma reef a, known 
in the shop as the ogee, which is drawn as follows: 

Complete a square abed; draw the two diagonals a c and b d, 
intersecting each other at e. Through e, draw a horizontal line inter- 
secting ad at f and 6 c at h. Then, with / and h as centers, draw re- 
spectively the two quarter-circles a e and e c. 
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In Fig. 269, B shows tlie ciftna rcvcrsa, known in tlie shop as the 
ogee, reversed. Complete a square abed, and draw the two diagonals 
b d and a c intersecting at e; through c, draw a vertical line intersecting 
a bat} and o rf at A, which points are the respecti\e centers for the arcs 
a e and e c. 

C in Fig. 270 shows the cavetto, called the cove in tlie shop, which 
is drawn by completing a square abed. Draw 

the <liagonal b d at 45**, which proves the [— I , 

square; and, using d as a center, draw the 
quarter-circle ac. 

In Fig, 271, D represents the m^olo or 
rrhinus, known in the shop as the quarter- 
round, which is constnicteil similariy to C in 
Fig. 270, witli the exception that h in Fig. 271 
is irsed to obtain the cune ac. 

E in Fig. 272 is known a.s the torus, known in the shop as a head- 
mould. A given distance o 6 is bisected, thus obtaining e, which is the 
center with which to describe tlie semicircle a b. 

All of these pn[)files should lie drawn by the stmlent to any de- 
sired scale for practice. In preparing mouldings from sheet metal. 
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FiK. -273. 
it Is sometimes required that enrichments are added in the ogee, cove, 
and l)ca(l. In that case tlie mould must he bent to receive these en- 
ri<-hments, which arc usually obtaine«l from dealers in stamped or 
pressed sheet-metal work. Thus, !n Fig. 273, F rep'esents a front 
view of a cmwn mould whose ogee is enriched, the section of the en- 
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richment being indicated by a 6 in the section, in which the dotted line 
(I c shows the l)ody of the sheet-metal moulding bent to receive the 
pressed work. In Fig 274, H represents part of a bed-mould in which 




Fig. 274. 

^g-andnlart enrichments are placed. In this case the body of the 
mould is bent as sliown by c d in the section, after which the egg-and- 
dart is soldered or riveted in position. J in Fig. 275 represents part 





Fig. 275. 

of a foot-mould on which an enriched bead is fastened. The body of 
the mould would be formed as indicated by c in the section, and the 
bead a h fastened to it. This same general method is employed, no 
matter what shape the presse<l work has. 

PRACTICAL MITER CUTTING 

Under this heading come the practical shop problems. The prol>- 
lems which will follow should be drawn to any desired scale by the 
student, developed, and bent from stiff cardboard to prove the accu- 
racy of the pattern. If the student cannot use the small brake in the 
shop and test his patterns cut from metal, he can use the dull blade of 
a table knife, over which the bends can be made, when using cardboard 
patterns. This at once proves interesting and instructive. Should 
there be any pn)blem which is not clear, he should write at once for 
further information; or, should any problem arise on which he desires 
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infnmintir>n, the Sc1hm)1 will inform him which pmblem in his text- 
IxKtks contains .similar [>rinfi|)Ie.s, or will prepare such a pn>l»!ein for 

The first prolileiu will Ih' Io (>l)tain the ilevelo|)metit fif a 
return miter, siieli a.s wmilil <ii-< 
around the rorner of a l>iiil<lin^, 
are shown two nietliods uf nli- 
tainin;j the j>atteni. The first 
method which will he (lesiril 
is the "long" method, in which 
are .set f<irth all the principles 
applicable to uhtaining pat- 
terns for monidings. no matter 
what anf:le the plan nuiy have 




Fig. 276. 
The second method is the "s 
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rule generally employed in the shop, which, however, can be used only 
when the angle H G F in plan is 90°, or a right angle. 

To obtain the pattern by the first method, proceed as follows: 
First, draw^ the elevation of the mould as shown by 1, B, A, 11, drawing 
the coves by the rule previously given. Divide the cur\'es into equal 
spaces; and number these, including the corners of the fillets ils shown 
by the small figures 1 to 1 1. In its proper position below^ the elevation, 
draw the soffit plan as shown by C D E F (x H. Bisect the angle H G 
F by the line G D, which is draw^n at an angle of 45°. From the va- 
rious intersections in the elevation, drop lines intersecting the miter-line 
as shown. At right angles to H G, draw the stretchout line V IT, 
upon which place the stretchout of the mould 1 1 1 in elevation, as 
shown by similar figures on the hue V IV. At right angles to V 
11', and from the numbered points thereon, draw^ lines, w^hich intersect 
by lines drawn at right angles to 11 G from similarly numbered inter- 
sections on the miter-line G I). Trace a line thmugh the intersections 
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thus obtained, as show^n by J G. Then will 1' G J 1 V be the desired 
pattern. This gives the pattern by using the miter-line in plan. 

In developing the pattern by the short method, on the other hand, 
the plan is not recjuired. At right angles to 1 B in elevation, draw^ the 
stretchout line 1" 11", upon which j)lace the stretchout of the profile 
1 11 in elevation, a.s shown by similar figures on V 11", at right 
angles to which draw lines thn)ugh the numbered points as shown, 
which intersect by lines drawn at right angles to 1 B from similarly 
numbered intersections in the pmfilc in elevation. Trace a line through 
points thus obtained, as shown by G K. Then will G 1" 11" K be 
similar to J G 1' 1 T obtained from the j)lan. 
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In Fig. 278 is shown a horizontal moulding butting against a 
plane surface oblique in elevation. A miter cut of this kind would 
be required when the return moulding of a dormer window would butt 
against a mansard or other pitched roof. In this case we assume A 
to be the return butting against the pitched roof B. The method of 
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Fig. 279. 

obtaining a pattern of this kind is shown in Fig. 279. Let A B C D 
represent the elevation of^the return, A D representing the pitch of the 
roof. In its proper position as shown, draw the section 111, which 
divide into equal spaces as shown, and fmm which, parallel to A B, 
draw lines intersecting the slant Hne A D from 1 to 11, as shown. At 
right angles to A B erect the stretchout line 1' 11', upon which place 
the stretchout of the section as show^n by similar figures on V 11'. 
At right angles to 1' 11', and through the numbered points thereon, 
draw^ lines, which intersect by lines drawn at right angles to A B from 
similarly numbere<l intersections on the slant line A D. Through 
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the various intersections tlnis obtained, draw* K F. Then will E F 
IV V be the desired pattern. 

It is sometimes the case that tlie roof a'^ainst which the moulding 
butts, has a curved surface either concave or convex, as shown by B C 
in Fig. 280, which surface is convex. Complete the elevation of the 
moulding, as D E; and in its proper position draw the section 1 9, 
which divide into equal spaces as shown by the small figures, from 
which draw horizontal lines until they intersect the cur\'ed line B C, 
which is struck from the center point A. At right angles to the line 
of the moulding erect the line V 9', upon which place the stretchout 
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C 

Fig. 2S0. 

of the section, avS shown by the figures on the stretchout line. Through 
the numbered points, at right angles to T 9', draw lines, which 
intersect by lines drawn at right angles to 2 D from similarly numbered 
intersections on the curv-e B C, thus resulting in the intersections V to 
9" in the pattern, as sliown. The arcs 2" 3" and 7" 8^^ are simply repro- 
ductions of the arcs 2 3 and 7 9 on B C. These arcs can be 
traced by any c:)nvenient method; or, if the radius A C is not too long 
to make it incvinvenient t) use, the arcs in tlie pattern may be obtained 
as follqws: I sing A C avS radius, and 7" and 8" as centers, describe 
arcs intersecting each other at A'; in similar manner, using 2" and 3^^ 
as centers, and with the same radius, describe arcs intersecting each 
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other at A'. With the same radius, and with A^ and A^ as centers, 
draw the arcs 8" 7" and 3" 2" respectively. Trace a line through 
the other various intersections as shown. Then will 1' V 9^ 9' be the 
ilesireil pattern. 

In Fig. 2S1 is shown an elevation of an oblong or rectangular 
panel for which a miter-cut is desired on the line a b — known as a 
**paner' or **face ' miter. The 
rule to apply in obtaining this 
pattern is shown in Fig. 2<S2. 
A shows the part elevation of 
.the panel ; a b and c rf, the 
miter-lines drawn at angles of 
45°. In its proper position 
with the lines of the mould- 
ing, draw the profile B, the 
curve or mould of which divide 
into equal spaces, as shown 
by the figures 1 to 7; and from 
the pomts thus obtained, par- 
allel to 1 h, draw lines inter- 





Fig. 2S1. Fig. 282. 

secting tlie miter-line a 6 as shown. From these Intersections, par- 
allel to h d, draw lines intersecting also c d. At right angles to 6 d 
draw the stretchout line 1' 7', upon which place the stretchout of tiie 
profile B. At right angles to 1' 7', and through the numbered 
points of division, draw lines, which intersect by lines drawn at right 
angles to b d from similarly numbered intersections on the miter- 
lines a b and c d. Trace lines through the various points of inter- 
section in the pattern as shown. Then will C D E F be the required 
cut for the ends of the panel. 

The same miter-cuts would be e.nployed for the long side a c in 
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Fig. 281, it being. necessary only to make D E in Fig. 282 that length 
when laying out the patttern on the sheet metal. 

Where the miter-cut is required for a panel whose angles are other 
than right angles, as, for example, a triangular panel as shown in Fig. 
283, then proceed as shown in Fig. 284. First draw the elevation of 
the triangular panel as shown by A B C, the three sides* in the ease 
being equal. Bisect each of the angles A, B, and C, thus obtaining the 
miter-lines A c, B 6, and C a. In line with the elevation, place in its 
proper position the profile 
E, which divide into ecjual 
spaces as shown; and from 
the numbered division 
points, parallel to A C, draw 
lines cutting the miter-line 
C a. From these intersec- 
tions, parallel to C B, draw 
lines intersecting the miter- 
line 6 B. At right angles to 
C B draw the stretchout line 
1' 7', upon which place the 
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Fig. 283. Fig. 284. 

stretchout of the profile E. Through the numbered points of divi- 
sion and at right angles to V 7', draw lines as shown, which intersect 
by lines drawn at right angles to C B from intersections of similar 
numbers on the miter-lines a C and b B. Through the points thus 
obtained, trace the pattern F G H I. 

It makes no difference what shape or angle the panel may have; 
the principles above explained are applicable to any case. 

In ornamental cornice work, it often happens that tapering mould- 
ed panels are used, a plan and elevation of which are shown in Fig. 285. 
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By referring to the plan, it will be seen that the four parts b a, a b\ V a\ 
and a! b are symmetrical ; therefore, in practice, it is necessary only to 
draw the one-quarter plan, as shown in Fig. 286, and omit the eleva- 
tion, since the height d e (Fig. 285) is known. Thus, in Fig. 286, draw 
the quarter-plan of the panel, no matter what is its shaj>e, as shown 




FiR. 285. 

by a 1 5 6 0. Divide the curves from 1 5 and 6 9 into equa- 
spaces, indicated respectively by 1,2, 3, 4, and 5, and 6, 7, 8, and 9. 
From these points, draw lines to the apex a* As the pattern will be de- 
veloped by triangulation, a set of triangles will be recjuired, as shown in 
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6 

Fig. 2S0. 

Fig. 287, for which pmceed as follows: Draw any horizontal line, as 
a 1; and from a erect the perpendicular a a' e^jual to the height the 
panel is to have. Now take the lengths of the various lines in Fig. 286 
fn)m a to 1 , a to 2, a to 3, etc., to a to 9, and place them on the line a 1 in 
Fig. 287, as shown by similar numbers. Then using as radii the various 
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lengths a' 1, a' 2, a' 3, etc., to a' 9, and with any point, as a' in Fig. 
288 as center, describe the various arcs shown from 1 to 9. From any 
point on the arc 1 draw a Hne to a'. Set tlie dividers equal to the 

spaces contained in the 
curve 1 5 in Fig. 286; and, 
starting from i in Fig. 288 
step fn)m one arc to an- 
other having similar num- 
bers, as shown from 1 to 5. 
In similar manner, take the 
distance from 5 to 6 and 
^^' *" ' the spaces in the curve 9 

in Fig. 286, and place them on corresponding arcs in Fig. 288, step- 
ping from one arc to the other, resulting in the points 5 to 9. Trace 
a line through the points 
thus obtained. Then 
will a' 1 5 6 9 a' be the 
(luarter-pattern, which 
can be joined in one- 
half or whole pattern as 
desired. 

In Fig. 289 is shown 
a perspective of a mould- 
ing which miters at an 

angle other than a right angle. This occurs when a moulding is 
reciuired for over a bay window or other stnicture whose angles vary. 

The nile given in Fig. 290 is applicable 
to any angle or profile. First draw a 
section or an elevation of the mouhhng 
asshownby AB 14 1. Directly below 
the moulding, from its extreme point, 
as 2 3, draw a plan of the desired 
angle as shown by C 2 D. Bisect this 
angle by using 2 as center and, with 
any radius, describing an arc meeting 
the sides of the angle at C and E. With the same or any other radius, 
and with C and E as centers, describe arcs intersecting eacli other in F. 
From the corner 2, draw a line through F. Tnen will 2 II be the 
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miter-line, or the iine bisecting the angle C 2 D. Now divide the 
profile 1 14 into equal spaces as shown by the figures, and from the 
points thus obtained drop vertical lines intersecting the miter-line 2 
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Fig. 290. 
H in plan from 1 to 14 as shown- 
At right angles to C 2, draw the 
line J K, upon which place the 
stretchout of the profile in elevation 
as shown by similar figures on the 
stretchout line, tlirougii which drop 
lines perjtendicnlar to J K, which 
intersect with Hues drawn parallel 
to J K from similariy numbered 
Fur "'91 r • - 1 ■ 

*■ " ■ ]X)mts ol mtersection on tlie miter- 

line 2 H. Trace a line as shown by L M, which is the miter-cnl 
desired. 

Wien tw() mouldings having different pmfiles are rdpiire:! tn 
miter togedier as shown in Fig. 2!>l, where C miters at right angle- 
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with D, two distinct operations are necessary, which are clearly shown 
in Figs. 292 and 293. The first operation is shown in Fig. 292, in 
which C represents the elevation of an ogee moulding which is to 
miter at right angles with a moulding of different profile as shown at D. 

Divide tlie profile C into equal. 
2 spaces, from which points draw 
horizontal lines intersecting tlie 
moulding D from 1' to 10'. At 
right angles to the line of the 
moulding C, draw the line A B, 
upon which place the stretchout 
of the profile C as shown by simi- 
lar figures on A B. At right 
angles to A B, and through the 



I I 

1.1 M , . 

I I 



|-f--4-!--f 



A 

F 





I I 



PATTFRN FOR C 
Fig. 292. 



I 

2 



3 
4 

5 
6 



7 
8 



10 



B 





points indicated by the figures, 
draw lines, which intersect with 
lines drawn parallel to A B from 
similarly numbered intersections 
in the profile D. Trace a line 
through the points thus obtained, 
as shown bv E H. Then will E 
F G n be the pattern for C in 
elevation. . 

To obtain the pattern forD, 
draw the elevation of D (Fig. 293), which is to miter at right 
angles with a moulding whose profile is C. Proceed in precisely 
the same manner as explainefl in connection with Fig. 292. Divide 
the profile D in Fig. 203 into equal parts, iis shown, from 
which draw horizontal lines cutting the profile C. At right angles 
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to tlie lines of tlie moulding D, draw the stretchout line A B, upon 
whicli place the stretchout of (he profile D. At riglit angles to A B, 
and through tlie numbered points of division, draw lines a^ shown, 
which intersect by lines drawn parallel to A B froi,n similarly nuinljcred 
intersections in the profile C. Through tliese points of inlerscction 
draw F G. Then will E F G H be the desired pattern for D, 

It should be understood that when the patterns in Figs. 2!)2 ami 
293 are formed and joined together, they will fonn an insitle miter, a.s 
is shown in Fig. 291. 
If, however, an outside 
miter were required, it 
would be necessary only 
to use the reverse cuts of 
the patterns in Figs. 292 
and 293, as shown by E J 
II in Fig. 292 for the 
mould C, and F J G in 
Fig.293forthem6u!dD. 

When joining a 
cun'ed moulding with a straight moulding in either plan or eleva- 
ticm even though the curved or straight miiuldings each have t!ie 
same profile, it is necessarj' to csiablish the true miter-line before 
the pattern can be correctly developcil, an example being given in 
Fig. 294, which .shows an elevation of a cur\'ed moulding which' 
is intersected by the horizontal moultlings A B, The method of o\y- 
taining this miter-line, also the pattern for the horizontal pieces, is 
c' early shown in Fig. 295. First draw the jirofiie which die liorizont^ 
moulding is to have, as 1 10. I-et the dislani-e 9 B he established. 
Then, with C on tlie center line a.s center, and A C as radius, describe 
the arc B A. From any point on tiie line 9 B, as a. erei-t the vertical 
line a b. Through the various divisions in the pnifile 1 10, draw 
horizontal lines intersecting the vertical line a h fixmi 1 to 10 as shown. 
From the center C, draw any radial fine, as C</, cutting the arc B A ate. 
Now take the various divisions on a h, and place them from c to rf as 
sliown by points I' to 10', 'Hien, using (' iis center, with radii deter- 
tnineil by the various points on c. d, d'-iw arcs intersecting horizontal 
linesof similar numbers drawn through thcdivisioiiM)n ah. Through 
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these points of intersection, draw the miter-line shown. The student 
will note that this line is irregular. 

Having obtained the miter-line, the pattern is obtained for the 
horizontal moulding by drawing the stretchout line E F at right angles 
to 9 B. On E F lay off the stretchout of the profile 1 10; and 
through the numbered points and at right angles to E F, draw hori- 
zontal lines, which intersect with lines drawn at right angles to 9 B 

from similarly numbered in- 
tersections in the miter-line 
determined by horizontal lines 
already drawn through the 
vertical line a b. Trace a line 
through the points thus ob- 
tained, as shown by H I J K, 
which is the desired pattern. 
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FiK. 295. Fig. 29G. 

In Fig. 29t) is shown a shaded view of a gable moulding intersect- 
ing a pilaster, the gable moulding B cutting against the vertical pilaster 
A, the joint-line being represented by ale. To obtain this joint-line, 
without which the pattern for the gable moulding cannot be developed, 
an operation in projection is required. This is explained in Fig. 297, 
in which BCD shows the plan of the pilaster shown in elevation by E. 
In its proper position in plan, place the profile of the gable moulding, 
as shown by A, which divide into e<|ual spaces as shown by the figures 
1 to S, through which draw horizontal lines intersecting the plan of the 
pilaster BCD as shown l)y similar figures. For convenience in pro- 
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jecting the various points, and to avoid a confusion of lines, number 
the intersections l)etween the lines drawn from the profile A through 
the wash B 2, "7°", "4°", and *S3^". At the desired point H in eleva- 
tion, draw the lower line of the gable moulding, as H F. Take a 
tracing of the profile A 
in plan, with all of the 
various intersections on 
same, and place it in 
eleva ion as shown by 
AS placing the line 1 8 at 
right angles to H F. 
Through the various in- 
tersections 1, 7°, 4°, 3°, 
2, 3, 4, 5, 6, 7, and 8 in 
A\ and parallel to F H, 
draw lines indefinitely, 
which intersect by lines 

ft' 

drawn at right angles to 
C B in plan from sim- 
ilarly numbered intersec- 
tions in the pilaster C 1) 
B, thus obtaining the 
points of intersection 1^ 
to 8^^ in elevation. 

For the pattern, pro- 
ceed as follows: At right 
angles to H F, draw the 
stretchout line JK, upon 
which place the stretch- 
out of the profile A or A*, 
with all the points of in- ~ ''"^' 

tersection on the wash ^^' ~^'^' 

1 2. At right angles to. J K, and through the numbered points, draw 
lines as shown, which intersect by lines drawn at right angles to H 
F from similarly numbered intersections in the joint-line V 8^. 
Through the points thus obtained, trace the miter-cut M N O. Then 
will I^ M N O P be the pattern for the gable moulding. * 

In Fig. 298 arc shown gable mouldings mitering upon a wash. The 
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mouldings A A intersect at any desired angle the wash B. In this case, 
as in the preceding problem, an operation in projection must be gone 
through, before the pattern can be obtained. This is clearly shown 

in Fig. 299. Draw the section of the 
horizontal moulding B* with the wash 
V-^^v*^^^ B ^'^^^^s^II? a 6. From this section project Hnes, 
1 f and draw the part elevation D C. 

^^S. 298. Knowing the bevel the gable is to 

have, draw C B, in this case the top line of the moulding. Draw a 
section of the gable mould, as A, which divide into ecjual parts as 
shown from 1 to 8; and through the point of division draw lines 
parallel to B C, indefinitely, as shown. Take a tracing of the profile 
A, and place it in section as shown by A*. Dividie A into tlie same 
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ELEVATION 
Fig. 299. 



number of spaces as A; and from the various divisions in A^ drop 
vertical lines intersecting the wash a 6 as shown, from which points 
draw horizontal lines intersecting lines drawn parallel to B C 
through similarly numbered points in A, at 1° to 8°. Trace a line 
through these intersections as shown, which represents the miter-line 
or line of joint in elevation. 

For the pattern, draw any line as E F, at right angles to B C, upon 
which place the stretchout of the profile A, as shown by similar figures 
on the stretchout line E F. Thn)ugh the numbered points of division 
and at right angles to E F, draw lines as shown, which intersect by 
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Fig. 300. 



lines drawn at right angles to B C from similarly numbered intersec- 
tions on 1^ 8° and on the vertical line B D. A line tracer! thn^ugh 
points thus ol)tained, as shown by G H I J, w^ill be the desired pattern. 

In Fig. 300 is shown a front \new of a turret on which four gables 
are to be placed, as shown by A A; also the rcx)fs 
over same, as shown by B B. The problem cf)n- 
sists in obtaining the developments of the gable 
mouldings on a square turret. In developing 
this pattern, the half-elevation only is recjuired, 
as shown in Fig. 301, in which first draw the 
center line E F; then establish the half- width of 
the turret, as C D, and draw the rake B C. At 
right angles to the line B C, and in its proper 
position as shown, draw the profile A, which 
di\ide into equal spaces as shown by the figures 
1 to 6, through which, parallel to B C, draw lines intersecting the 
center line F E as show^i; and extend the lines below C, indefinitely. 
Now take a tracing of the profile A, and place it in position as 
shown by A\ being careful to have it spaced in the same number of 
divisions, as shown from 1 to 6, through which, parallel to D C, erect 
lines intersecting similarly numbered lines drawn through the profile 
A, thus obtaining the intersections 1° to 6°, through which a line is 
traced, which represents the line of joint at the lower end between 
the two gables. 

For the pattern, take a stretchout of A, and place it on the line 
J K drawn at right angles to B C, as shown by the figures 1 to 6 on J K. 
At right angles to J K, and through these points of division, draw lines, 
which intersect by lines drawn from similarlv numbered intersections 
on F B and 1^ 6°. Trace a line through the points thus obtained, 
as shown by F° B° C° 6^, which is the desired pattern, of which eight 
are required to complete the turret, four formed right and four left. 

If the roof shown by B in Fig. 300 is desired to be added to the 
pattern in Fig. 301, then, at right angles to F^ 6°, draw the line F® F* 
equal to F H in the half-elevation, and draw a line from P to 6° in the 
pattern. 

In Fig. 302 is shown front view of an angular pediment with hori- 
zontal returns at l>ottom A and top B. In this problem, as in others 
which will follow, a change of profile is necessary before the correct 
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pattern for the returns can he developed. In other words, a new pro- 
file must he developed from the given or nonnal profile hefore the pat- 
terns for the required parts can be developech It should be under- 
stood that all given profiles are always divided into ecjual spaces; there- 
fore the modified profiles will contain unequal spaces, each one of 
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which must be carried separately onto the stretchout line. Bearing 
this in mind, we shall proceed to obtain the modified or changed pro- 
files and patterns for the hori7X)ntal returns at top and foot of a gable 
moulding, a.s at B and A in Fig. 302, the jxiven profile to be placed in the 
gable moulding C In Fig. 303, let C represent the gable moulding 
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place*! at its proper angle with the horizoutal moulding (t H. Assum- 
ing that 6^ G° is the proper angle, place the given profile A at right 
angles to the rake, as shown; and divide same into equal spaces as 
shown from 1 to 10, through which points, parallel to 6^ 6°, draw lines 
to wan Is the top and bottom of the 
raking ipoulding. Assuming that the 
length 6^ 6° is correct, take a tracing 
of the profile A, and place it in a ver- 
tical position below at A* and alK>ve 
at A^, being careful to have the points 
6 and 6 in the profiles directly m a ver- ^^^- ^^^• 

tical position below the points 6^ and 6°, as shown. From the va- 
rious intersections in the profiles A^ and A- (which must contain the 
same number of spaces as the given profile A), erect vertical lines 
intersecting lines drawn through the profile A, as shown at the lower 
end from 1^ to 10^, am! at the upper end from 1° to 10°. Trace a line 
thmugh the points thus obtained. Then will 1"^ 10^ be the modified 
profile for the lower horizontal return, and 1° 10° the modified profile 
for the upper horizontal return. 

Note the difference in the shapes and spaces between these two 
modified pmfiles and the given profile A. It will be noticed that a 
portion of the gable moulding miters on the horizontal moulding G H 
from 6^ to 10^ 

For the pattern for the gable moulding, proceed as follows: At 
right angles to E F, draw the stretchout line J K, upon which place 
the stretchout of the given profile A, as shown by the figures 1 to 10 on 
J K. Through tl^ese figures, at right angles to J K, draw^ lines as 
shown, which interse(*t with lines drawn at right angles to E F from 
similarly numbered intersections in 1° 10° at the top and.l^ 6^ 
10' at the lower end. Trace a line through the intersections thus ob- 
taineil. Then will L M N O be the pattern for C. 

For the pattern for the horizontal return at the top, draw a side 
view as shown at B, making P R the desired projection, and the profile 
1 10 on B, with its various intersections, an exact reproduction of 
1° 10° in the elevation. Extend the line R T as R S; and, starting 
from 10, lay oft* the stretchout of the pmfile in B as show^n by the figures 
1 to 10 on R S, being careful to measure each space separately. At 
right angles to R S draw^ the uslial measuring lines, which intersect 
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by lines drawn pkrallel to S U from similarly numbered points in the 
profile in B. Trace a line through points thus obtained. Then will 
U V 10 1 be the pattern for the return B. 

In similar manner, draw the side view of the lower horizontal 
return as shown at D, making the projection W 10 ecpial to P R 



— r\j n ^ in okqo o»S H* 




2? 
til 



^ (\lCr)^«n«Nfl5 o»2 X 



in B. Th© {)n)file shown from 1 to 10 in 1), with all its divisions, is 
to be an exact reproduction of the pn)file 1* to 10^ in elevation. Extend 
tlie line W X as X Y, upon which lay off the stretchout of the profile 
1 10 in D, being careful that each space is measured separately, 
as they are all unecpial. Through the figure^s oh X Y draw- lines as 
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shown, which intersect by lines drawn parallel to W Y from the various 
intersections in the profile in the side D. A line trace<l through points 
thus obtained, as shown by Z V, will be the desired cut, and 1 Z 
V 10 the pattern for the return D. 

In Fig. 304 is shown a front view of a s^mental pediment with 
upper and lower horizontal returns. 
This presents a problem of obtaining 
the pattern for horizontal returns at 
top and foot of a segmental pediment, 
shown respectively at A and B, the 
given profile to be placed in C. The ^^^- '^^^• 

principles used in obtaining these patterns are similar to those 
in the preceding problem, the only difference being that the mould- 
ing is curved in elevation. In Fig. 305 the true method is clearly 
given. First draw the center line B D, through which draw the horizon- 

D 





tal line C O. From the line C O establish the height E; and with the 
desired center, as B, draw the arc E C intersecting the line C* C at C. 
In its proper position on a vertical line F G, parallel to D B, draw the 
^iven profile of the curved moulding as shown by A, which divide into 
equal spaces as shown from 1 to 10. Through these figures, at right 
angles to F G, draw lines intersecting the center line D B as shown. 
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Then, using B as center, with radii of various lengths corresponding 
to the various distances obtained from A, describe arcs as shown, ex- 
tending them indefinitely below the foot of the pediment. The point 
C or 6" being estabhshed, take a tracing of the pn)file A, with all the 
various points of intersection in same, and place it as shown by A^, 
being careful to have the point 6 in A- ct)me directly below the point 
6^ in elevation in a vertical position. Then, from the various inter- 
sections in A^ erect vertical lines intersecting similarly numbered arcs 
drawn from the profile A. Trace a line as shown fmm 1" to l(f, 
which is the modified profile for the foot of the cur\'ed moulding. 

Establish at pleasure the point 1' at the top, and take a tracing 
of the given profile A placing it in a vertical position below 1', as 

shown by A^ From the various 
intersections in A* erect vertical 
lines intersecting similarly num- 
bered arcs as before. Through 
these intersections, shown from 
1/ to 10', trace the profile shown, 
which is the modified profile for 
the top return. 

The curv ed moulding shown 

in elevation can be made either 

by hand or by machine. The 

general method of obtaining the 

Fig. 306. • blank or pattern for the curved 

moulding is to average a line through the extreme points of the 

pn)file A, as I J, extending it until it intersects a line drawn at right 

angles to D B from the center B, as B H, at K. 

We will not go into any further demonstration about this curved 
work, as the matter will be taken up at its proper time later on. 

To obtain the pattern for the upper and lower return mouldings, 
proceed in precisely the same manner as explained in connection \\nth 
returns B ^im1 D in Fig. 303. 

In Fig. 300 are shown the plan and elevation of a gable moulding 
m octagon plan. This problem should be carefully followed, as it 
presents an interesting .study in projections; and the principles used in 
solving this are also applicable to other problems, no matter what 
angle or pitch the gable has. By referring to the plan, it will be seen 
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that the nioiildinji; lias an octat?>n anjjle in plan a h c, white similar 
points in elevation a' b' c' nm on a rake in one line, tlie top and font 
of tlie moulding butting against the brick piers B and A. 

The method of proceeding with work of this kind is explained in 
detail in Fig 3()7, where the principles are thoroughly explained. Let 
A R C D R represent a plan vieiv of the wall, over which a gable 
moulding is to be ]ttaccd. as shown by fiH I J, the given profile of the 




moulding being shown by I, i\I. Divide the profile into equal spaces 
as shown by tlie figures 1 to <S, Parallel to I H or J G^, and througli the 
figures mentioned, draw lines indefinitely as shown. Bisect the angle 
B C Din plan, and obtain t'le miter-line as fallows: With C as center, 
an<l any radius, describe the arc X O. With N and O as centers, and 
any radius greater than C N or C (), describe arcs intersecting each 
other at P. From the point C, and thnugh the intersection P, draw 
the mitcr-liiic C Q. Transfer the pnifile L M in elevation to the |>osi- 
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tion shown by R S in plan, dividing it into the same number of spaces 
lis L M. Through the figures in the profile R S, and parallel to D C, 
draw lines intersecting the miter-line C Q, as shown. From the inter- 
sections on the miter-line, and parallel to C B, draw lines intersecting 
the surface B A. Now, at right angles to C D in plan, and from tlie 
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Fig. 308. 

intersections on the miter-line C Q, draw vertical lines upward, inter- 
.secting lines of similar numbers drawn from points in profile L M in 
elevation parallel to J G. A line traced through points thus obtained, 
as shown from T to 8', will be the miter-line in elevation. 

For the pattern for that part of the moulding shown by C D E Q' 
in plan, and H G S' V in elevation, proceed as follows: At right 
angles to 1 H in elevation, draw the line T U, upon which place the 
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stretchout of the profile I^ M, as shown by the figures 1 to 8. At right 
angles to T U, and thn)ugh these figures, draw lines, as shown, which 
intersect with lines of similar nunibe»^ drawn at right angles to 1 H 
from intersections on the miter-line 1' 8' and from intersections 
against the vertical surface IT G. IJnes traced through points thus 
obtained, as shown by V W X Y, will be the pattern for that part of 
the gable shown in plan by C D E Q' of Fig. 307. 

In Fig. 308, on the other hand, the position of the plan is changed, 
so as to bring the line A Q horizontal. At right angles to B C draw 
the vertical line C E, on which locate any point, as E. In the same 
manner, at right angles to C B, draw the vertical line B J indefinitely. 
Fr)m the point E, parallel to B C, draw the line E 8", intersecting 
the line J B, as shown. Now take the distance fnmi 8" to J in eleva- 
tion. Fig. 307, and set it off from 8" toward J in Fig. 308. Draw a line 
from J to E, which will represent the true rake for this portion of the 
moulding. Now take the various heights shown from 1 to 8 on the 
line Z Z in elevation in Fig. 307, and place them as shown by Z Z in 
elevation. Fig 308, being careful to place the point 8 of the 
line Z Z on the line 8" E extended. At right angles to Z 
Z, and from points on same, draw lines, which intersect 
with lines drawn at right angles to B C from intersec- 
tions of similar numbers on C Q in plan. A line traced 
through points thus obtained, as shown by D E in eleva- 
tion, will be the miter-line on C Q in plan. 

From the intersections on the miter-line D E, and 
parallel to E J, draw lines, which intersect with lines 
drawn from intersections of similar numbers on A B in 
plan lit right angles to ]B C. A line traced through points 
thus obtained, as shown by F J, will be the miter-line ^^S- 309. 
or line of joint against the pier shown in plan by B A. 

Before obtaining the pattern it will be necessary to obtain a true 
section or profile at right angles to the moulding F D. To do so, pro- 
ceed as follows: Transfer the given profile L INI in elevation in Fig. 
307, with the divisions and figures on same, to a position at right angles 
to F D of Fig. 308, as shown at L. At right angles to F D, and from 
the intersections in the profile L, draw lines intersecting those of simi- 
lar numbers in F D E J. Trace a line through intersections thus ob- 
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tallied, as shown from 1 to 8, thus giving the pn)file M, or tnie sections 
at right angles to F D. 

For the pattern, proceed as follows: At right angles to F D, 
draw the line H K, upon which place the stretchout of the profile M, as 
shown by the figures. At right angles to H K, and through the figures, 
draw lines, which intersect with those of similar numbers drawn at 





Fig. 310. 
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right angles to F D from points of intersection in the miter-lines D E 
and J F, as shown. Lines traced through points tlms obtained, as 
shown by N O P R, will be the pattern for the raking moulding shown 
m plan, Fig. 307, by ABC Q'. 

In Fig. 309 is shown a view of a spire, square in plan, intersecting 
four gal)les. In practice, each side A is developed separately in a 
manner shown in Fig. 310, in which first draw the center line through 
the center of the gable, as E F. Establish points B and C, from which 
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draw linens to tlie apex F. At pleasure, establish A D. At right angles 

to F E, and from B and J, draw the lines B H and J K respectively. 

For the pattern, take the distances B K, K A, and A F, and place them 

as shown bv similar letters 

on the vertical line B F in ^ 

Fig. 311. At right angles 

to B F, and through points 

B and A, d r a w lines as 

shown, making B H and B 

H^ on the one hand, and 

A X and A O on the other 

hand, equal respectively to 

B H and A N in elevation in 

Fig. 310. Then, in Fig. 
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311, draw lines from N to II to K to H^ to O, as shown, which repre- 
sents the pattern for one side. 

In Fig. 312 is .shown a pers])ective view of a drop B mitering 
again.st the face of the l)racket C as indicated at A. The principles 
for developing this pn)blem are explained in Fig. 313, and can be ap- 
plied to similar work no matter what the pn)files of the dn)p or bracket 
may be. T/Ct A BCD E represent the face or fn)nt view of the bracket 
drop, and F H G I the side of the drop and bracket. Divide one-half 
of the face, as D C, into ecpial .spaces, as .shown by the figures 1 to 7 
on either side, from which points draw horizontal lines crossing H G 
in side view and intersecting the face H I of the bracket at points V to 
7'. In line with H G, draw the line J K, upon whicli place the .stretch- 
out of the pn)file B C D, as .shown by 1 to 7 to 7 to 1 on J K. At right 
angles to J K, draw the usual measuring lines as shown, which inter- 
sect by lines drawn parallel to J K from similarly numbered intersec- 
tions on II I. Trace a line through the points thus obtained. Then 
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will J K L l>e the pattern for the return of the drop on the face of the 
bracket. , 

7ii Fig. 314, A shows a raking bracket placed in a gahle nionlding. 
TOien l>rackets are placed in a vertical position in any raking moulding, 
they are called "raking" brackets. B represenls a raking bracket 
piaee<l at the center of the gable. The patterns which will he develop- 
ed for the bracket A are also use<i for R, the cuts being similar, tlie onlv 
difference being that one-half the 
width of the bracket in R is 
fonneil right and the other half 
left, (he two halves being thou 
joined at the angle as shown. 

In Fig. 315 are shown the 
principles eniploveil for obtain- 
ing the patterns for the side, 
face, sink .strips, cap, and returns 
■^ for a raking bracket. .These 

principles can be ajipUed to any 
fomi or angle in tlie bracket or 
gable moulding respectively. Let S U V T represent part of a 
front elevation of a raking cornice placed at its proper angles with 
any perpendicular line. In its proper position, draw the outline of the 
face of the bracket as shown by E G M O. Also, in its proper position 
as shown, draw the normal profile of the side of the bracket, indicated 
by 6-Y-Z-15; tlie normal profile of tlie cap-mould, its \V and X; and 
tlie normal pn)file of die sink strip, as indicated by lU 10' 1'}' 15. 
Complete the fnuit elevation of the bracket by drawing lines par- 
allel to K () fnim points 7 and 9 in the noniial profile; and establish 
at pleasure the widtli of the sink strip in tlie face i>f the bracket, as at 
J K and L H. To complete the front elevation of the cap-mould of 
the bracket, ])mceeda.s follows: Extend the lines (I E anii M Oof the 
front of the brackets, a-s shown by E and () 0, in whicli, in a verticui 
position as .shown, place <!uplicates (W, W) of Uic iiomial pR)files \V 
and X, divided into tx\\ia\ space-s as shown by the figures 1 to (i in W' 
and ^V^ From these inlersection.s in ^^' and \\'^. drop vertical lines, 
wliichintcrscct by lines drawn |iarallel diKO fnmi similarly nimibcrcd 
intersections in X, anil trace lines thnnigh the points thus obtained. 
Then will U E and O I' represent rcsjicctivdy the true elevations, also 
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tile true prwfile.-i, for tlic retunus ;il lop iiiul foot of the fjip of tlie raking 
bracket. 

Xow divide tlie nuniial profile of tlie liiiu^ket inlu equal .s])aces, iis 
shown by tlie figures to 15, through which, parallel to E O, draw lines 
intersetting the numial sink pnifile from 1(1' to lo' and the face lines 
of the braeket EFG, .III. KI,, an.l ONM, as shown. To obtain the- 




true profile for the side of the bra<ket <,n llie lines ()>[ and GE, pro- 
cee<l iis follows: Parallel to OM, dniwanyhne, as V'Z'; and at right 
angles to OM, and fnim the various iiilersection.s on the same, draw 
lines indefinitely, crossing to the line V Z' as shown. Now, nieasnring 
in each instance fnmi the line VZ in the nonnal [irofile, take the various 
distances to points (i to 1,) and 15' lo 10', and place them on similarly 
numbered lines measuring in each and ever}' instance fiiini the line 
Y' Z', thuft oi>taining the points (i' to l.V and lo" to ID", as shown. 
.Tmce a line thn)ngh the p.iiUs thns obtained. Then will V (i' 
7' 9' 10' I J' Z' be the pattern for the .si<lc of the raking bracket, 
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and 10' 10" 15" 15' the pattern for the sink strip shown by the 
lines K L and H J in the front. 

For the pattern for the face strip B, draw any line, as A^ B', at 
riglit anglas to G M, upon which place the stretchout of 10 15 in the 
normal profile, as shown from 10 to 15 on A^ B^ Through these 
points, at right angles to A^ B\ draw Hues as shown, which intersect 
w-ith lines drawn from similar intersections on the lines F G and H J. 
Trace a line thmugh points thus obtained as shown by F® G° H° J°, 
which will be the pattern for the face B, B. 

For the pattern for the sink-face C, draw C* D* at right angles to 
GM, u{)on which place the stretchout of 10' 15' in the normal profile 
as shown from 10' to 15' on C* \)\ through which, at right angles to 
C D', draw lines, which intersect by 
lines drawn fix)m similar intersections 
on K L and H J. Trace a line through 
the points so obtained as J° K^ L° H°, 
which is the pattern for the sink- 
face C. 

The pattern for the cap D and 
the face A will be developed in one 
piece, by drawing at right angles to 
EO the line E^ F^ At right angles 
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to E' F', and through the figures, draw^ lines, which intersect with lines 
drawn at right angles to EO from similarly numbered intersections on 
REF and NOP. A line traced through the points thus obtained, as 
shown by R° E° F° and N° 0° P° will be the pattern for D and A. 

For the patterns for the cap returns R E and O P, draw any line 
at right angles to 1 1 in the normal profile, as H^ G\ upon which 
place the stretchouts of the profiles R E and O P, being careful to carrj^ 
each space sc[)arately onto the line IP G^ as shown respectively by 
C)^ V and 0^ 1"^. Thmugh these ])oints draw lines at right angles to 
(i' IP, which intersect by lines drawn at right angles to 1 1 from 
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similar nuinhers in W and X. Trace lines thmngli the points thus 
obtained. Then will N^ O* R^ S* he the pattern for the lower return 
of the cap, R E; while J^ M^ L* K^ will be the pattern for the upper re- 
turn, P O. ^ 
In Fig. 310 IS shown a perspective view of a gutter or eave- 
trough at an exterior an^le, for wliich an outside miter would be re- 
(juired. It is immaterial wliat sliape t!ie gutter has, the method of 
obtaining t]>e pattern for the miter is the same. In Fig. 317 let 1 9 
10 represent the section of the eave-trough with a bead or wire 
edge at ah c; divide the wire edge, including the gutter and flange, into 
an ecjual number of spaces, as shown by tlic small divisions d to 1 to 9 
to 10. Draw aiiv vertical line, as 
A B, upon which place the stretch- 
out of the gutter as shown by simi- 
lar letters and numbers on A B, 
through which, at right angles to 
A B, draw lines, which intersect bv 1 ' ^ 1 I 

A ' ' ' ' B 






T 

c 

i 




Fig. :ns. 



Fig. 319. 



lines drawn ])arallel to A B fmm similar points in tlie section. Trace 
a line througli the points thus ol)tained. Then will C D E F be the 
pattern for the outside angle sliown in Fig. olO. 

If a pattern is recpiired for an interior or inside angle, as is shown 
in Fig. 31S, it is necessary only to extend the lines C I) and F E in the 
pattern in Fig. 317, and draw any vertical line, as J H. 'i'hen will J D 
E II be the pattern for the inside angle shown in Fig. 318. 

In Fig. 319 are shown a plan and elevation of a moulding which 
has more pn)jection on the front tlian on the side. In other words, A B 
represents the plan of a brick pier, around which a cornice is to be 
constructed. The projection of the given pn)file is ecpial to C, the 
profile in elevation being shown by C^ The projection of the front 
in plan is also ecpial to C, as shown by C^ The projection of the left 
side of the cornice should be only tis much as is shown by D in plan. 
This requires a change of profile through D, as shown by D^ To ob- 
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tain this true profile and the various patterns, proceed as shown in 
Fig. 320, in which A B C D represents the plan view of the wall, against 
which, in its proper position, the profile E is placed and divided into 
ecjual spaces, as shown by the figures 1 to 12. Through 1 2, par- 
allel to C D, draw G F. Locate at pleasure the projection of the re- 
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Fig. 320. 

turn mould, a.s B H, and draw H G parallel to B C, intersecting F G 
at G. Draw the niiter-line in plan, G C. Fn)ni the various divisions 
in the pnjfile E, draw lines parallel to C D, intersecting the miter-line 
C G as shown. From these intersections, erect vertical lines indefi- 
nitely, as shown. Parallel to these lines erect the line K J, upon which 
place a duplicate of the profile E, with the various divisions on same, 
as shown by E^ Through these divisions draw horizontal lines in- 
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tersecting the similarly numbered vertical lines, as shown by the in- 
tersections 1' to 12'. Trace a line tlirough these points. Then wHllI 
F^ be the true section or profile on H B in plan. 

For the pattern for the return H G C B in plan, extend the line 
B A, as B M, upon which place the stretchout of the profile F^ being 
careful to measure each space separately (as they are unecjual), as 
shown by figures V to 12' on MB. 

At right angles to this line and through the figures, draw lines, 
which intersect by lines drawn at right angles to H G from similar 
points on C G. Trace a 
line through the points 
thus obtainefl. Then 
will H> G^ C^ B^ be the 
pattern for the return 
mould. 

The pattern for the 
face mould G C D F is 
obtained by taking a 
stretchout of the profile 
E and placing it on the 
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vertical line P O, as shown by similar figures, through which, at 
right angles to P O, draw lines intersecting similarly numbered lines 
l)reviously extended fn)m C G in plan. Trace a line tlirough these 
intersections. Then will 1 B^ C^ 12 be the miter pattern for the face 
mould. 

In Fig. 321 is shown a perspective view of a gore piece A joined 
to a chanu'er. This presents a prol)lcm often arising in ornamental 
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PATTERN 
FOR GORE 



sbeet-nietal work, the development of which is given in Fig. 322. Let 
A B C D show the elevation of the corner on which a gore piece is re- 
quired. H 7' E in plan is a section through C D, and E F G H is 
a section through X I, all projected from the elevation as shown. The 
profile 1 7 can be drawn at pleasure, and at once becomes the pattern 
for the sides. Now divide the profile 1 7 into an equal numl>er of 
spaces as shown, from which drop vertical lines onto the side 7' E 
in plan, as shown fmm T to 7'. From these points draw lines parallel 
to F G, intersecting the opposite side and crossing the line 7' 1" 

(which is drawn at right angles to F G 
from 7') at V 2" 3'' 4" 5" G". Draw any 
line parallel to C D, as K J, upon which 
place all the intersections contained on 7' 
1" in plan, as shown by 1° to 7° on K J. 
From these points erect perpendicular lines, 
which intersect by lines drawn from wsimi- 
larly numbereil points in elevation parallel 
to C D. Through the points thus obtained 
trace a line. Then will 1^ to 7^ be the true 
profile on 7' 1" in plan. 
For the pattern for the gore, draw any vertical line, as A B in Fig 
323, upon which place the stretchout of the profile V 7^' in Fig. 322, 
lus shown by similar figures on A B in Fig. 323. At right angles to AB, 
and thn)ugh the figures, draw lines as shown. Now, measuring in 
each instance from the line 7' 1" in plan in Fig. 322, take 
the various distances to pcints V to 7', and place them 
in Fig. 323 on similarly numbered lines, measuring in 
each instance from the line A B, thus locating the points Fig. 324. 
shown. Trace a line thmugh the points thus obtained. Then will 
F G 7 be the pattern for the gore shown in plan in Fig. 322 
bv F G 7'. 

In Fig. 324 is shown a face view of a six-pointed star, which often 
arises in cornice work. No matter how many points the star has, the 
principles wliicli are explained for its development are applicable to 
anv size or shape. Triangulation is emj)loye(l in this problem, as 
shown in Fi*:. 325. First draw the half-outline of the star, as sliown by 
A B C I) E F G. Al)ove and i)aral!el to the line A(;, draw JII of 
similar length, as sliown. Draw tlic section of the star on A G in plan, 
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as shown by J K H. Project K into plan as shown at I, and draw the 
miter-lines B I, C I, D I, E I, and F I. As K H is the true length on 
I (1, it is necessary that we find the tnie length on I F. Using I F as 
radius and I as center, draw an arc intersecting I G at a. From a 
erect a line cutting J H in section at h. 
Draw a line from h to K, which is the 
tnie length on I F. 

For the pattern, proceed as 
shown in Fig. 326. Draw any line, 
as K H, ecjual in length to K H in Fig. 
325. Then, using K b as radius and 
K in Fig. 32G as center, describe the 
arc b b. which intersect at a and a by 
an arc G G struck from II as center 
and with F G in plan in Fig. 325 as 
radius. Draw lines in Fig. 326 from 
K to a to H to a to K, which will be the pattern for one of the points 
of the star of which 6 are requireil. 

^Vhen bending the jwints on the line HK, it is necessary to have a 
stay or profile so that we may know at what angle the bend should be 
made. To obtain this stay, erect from the corner B in Fig. 325 a line 
intersecting the base-line J H at c, from wliich point, at right angles to 
J K, draw c d. Using c as center, and c d as radius, strike an arc inter- 
secting J H at e. From e drop a vertical line meeting A G in plan at 

d\ Set off / B^ ecjual to i B, and draw a line 
from B to rf' to B^ which is the true profile 
after which the pattern in Fig. 326 is to be 
bent. If the stay in Fig. 325 has been cor- 
rectly developed, then rf' B^ or d' B must ecjual 
e a in Fig. 326 on both sides. 

In Fig. 327 is shown a finished elevation 
of a hipped roof, on the four corners of which 
^ hip ridge A A butts against the upper base B 
and cuts off on a vertical line at the bottom, as C and C. To obtain 
the tnie profile of this hip ridge, together with the top and lower cuts 
and the patterns for the lower heads, proceed as shown in Fig. 328, 
where the front elevation has been omitted, this not being necessary, 
as only the part plan and diagonal elevation are icfpiired. First draw 
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FRONT ELEVATION 
Fig. 327. 



the part plan a,s shown by A B C D E F A, placing the hip or diagonal 
line F C in a horizontal position; and make the distances between the 
lines F A and C B and between F E and C D equal, because the roof 
in this ca,se has equal pitch all around. (The same principles, how- 
ever, would be used if the roofs had unequal pitches.) Above 

the plan, draw the line 
G H. From the points 
F and C in plan, erect 
the lines F G and C I, 
extending C I to O so 
that I C* will be the re- 
quired height of the roof 
above G I at the point 
C in plan. Draw^ a line 
from G to CS and from 
C^ draw a horizontal and 
vertical line indefinitely, 
as shown. Then w^ill I G C^ be a tnie section on the line of the 
roof on F C in plan. 

The next step is to obtain a tnie section of the angle of the roof at 
right angles to the hip line G C* in elevation. This is done by drawiiig 
at right angles to F C in plan, any line, as a 6, intersecting the lines 
F A and F E a.s shown. Extend a h until it cuts the base-line G I in 
elevation at c. Fn)m c, at right angles to G C*, draw" a line, as c d, 
intersecting G C* at d. Take the distance c rf, and place it in plan on 
the line F C, measuring from i to d\ Draw a line from a to d' to b, 
which is the tnie angle desired. On this angle, construct the desired 
shape of the hip ridge as shown by J, each half of which divide into 
ecjual spaces, a.s shown by the figures 1 to to 1. As the line G C^ rep- 
resents the line of the roof, and as the point rf' in plan in the tnie angle 
also represents that line, then take a tracing of the profile J with the 
various points of intersection on same, together with the true angle 
a d' I), and place it in the elevation as shown by J^ and a' rf" 6', being 
careful to place the point rf" on the line G C\ making a' 6' parallel to 
G C. Fn)m the various points of intersection in the profile J, draw 
lines parallel to F C, intersecting B C and A F at points from 1 to 6, 
as shown. As both sides of tlie j)r()file J are sjnimetrical, it is necessary 
onlv to draw lines throuf]:h one-half. 
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In similar manner, in elevation, parallel to G C, draw lines 

through the various intersections in JS which intersect by lines drawn 
at right angles to F C in plan from similariy numbered points on A F 




Fig. 328. 
and BC. Trace a line through the points thus obtained. Then will 
K L be the miter-line at the bottom, and M N the miter-line at the top. 
For the pattern, draw any line, as O P, at right angles to G C, 
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upon which place the stretchout of J in plan or J^ in elevation, as shown 
by the figures 1 to 6 to 1 on O P; and through these numbered points, 
at right angles to O P, draw lines, which intersect by lines drawn at 
right angles to G C* from similar intersections in the lower miter-line 
K L and upper miter-line N M. Trace a line through the points thus 
obtained. Then will R S T U be the desired pattern. 

In practice it is necessary only to obtain one miter-cut-^-either the 
top or the bottom — and use the reverse for the opposite side. . In other 
words, U T is that part falling out of R S, the same as R S is that part 
which cuts away from U T. The upper miter-cut butts against B in 
Fig. 327; while the lower cut requires a flat head, as shown at C. To 
obtain this flat head, extend the line I G in Fig. 328, as I W, upon 
which place twice the amount of spaces contained on the line A F in 
plan, as 6, 3 — 5, 4, 1, 2, as shown by similar figures on either side of 
6 on the line V W. From these divisions erect vertical lines, which 
intersect by lines drawn parallel to V W from similarly numbered 

intersections in the miter-line 
K L G. A line traced through 
the points thus obtained, as 
shown by X Y Z, will be the 
pattern for the heads. 

AMiere a hip ridge is re* 
quired to miter with the apron 
of a deck moulding, as shown 
in Fig. 329, in which B repre- 




Fig. 329. 



sents the apron of the deck cornice, A and A the hip ridges mitering 
at a and a, a slightly different process from that described in the 
preceding' problem is used. In this case the part elevation of the 
mansard roof must first be drawn as shown in Fig. 330. Let ABC 
K represent the part elevation of the mansard, the section of the 
decl' moulding and apron being shown by D B E. Draw E X par- 
allel to B C. EX then represents the line of the roof. In its proper 
position, at right angles to B C, draw a half-section of the hip mould, 
as shown by F G, which is an exact reproduction of B E of the deck 
mould. Through the comers of the hip mould at Y and G, draw 
lines parallel to B C, which intersect by lines drawn parallel to B A 
from V, W, and E in the deck cornice. Draw the miter-line H I, 
which completes the part elev.ation of the mansard. 
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Before the patterns can he ohtained, a developed suriace of the 
mansard must be drawn. Therefore, from B (Fig. 330), drop a ver- 
tical line, as B J, intersecting the line C K at J. Now take the dis- 
tance of B C, and place it on a vertical line in Fig. 331, as shown by 
B C}. Through these two points draw the hori7X)ntal lines B A and 
C K as shown. Take the projection J to C in Fig. 330, and place it as 
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Fig. 330. 
shown from C^ to C in Fig. 331, and draw a line from C to B. Then 
will A B C K be the developed surface of A B C K in Fig. 330. 

As both the profiles B V W E and F Y G are similar, take a tracing 
of either, and place it as shown by D and D* respectively in Fig. 331. 
Divide both into the same number of equal spaces, as shown. Bisect 
the angle A B C by establishing a and fc, and, using these as centers, 
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by describing arcs intersecting at c; then draw d B, which represents 
the raiter-Une. Through the points in D and D\ draw Hnes parallel 
to their respective moulds, as shown, intersecting the miter-line B d 
and the base-line C C^ 

For the pattern for the hip, draw any line, as E F, at right angles 
to B C, upon which place twice the stretchout of D, as shown by the 
divisions 6 to 1 to 6 on EF. Through these divisions draw lines at 
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Fig. 331. 

right angles to E F, intersecting similarly numbered lines drawn at 
right angles to B C from the divisions on B rf and C C^ Trace a line 
through the points thus obtained. Then will G H J L be the pattern 
for the hip ridge. 

AATien bending this ridge in the machine, it is necessary to know 
at what angle the line 1 in the pattern will be bent. A true section 
must be obtained at right angles to the line of hip, for which proceed as 
shown in Fig. 330. Directly in line with the elevation, construct a 
part plan L M N O, through which, at an angle of 45 degrees (because 
the angle L O N is a right angle), draw the hip line O M. Establish at 
pleasure any point, as P^ on O M, from which erect the vertical line 
into the elevation crossing the base-hne C K at P and the ridge-line 
C B at R. Parallel to O M in plan, draw O' P^ equal to O PS as 
shown. Extend P* P^ as P^ RS which make equal to PR in elevation. 
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Draw a line from R^ to O^ Then O^ R^ P^ represents a true section on 
OP* in plan. Through any point, as a, at right angles to OM, draw 
6c, cutting L O and ON at b and c respectively. Extend b c until it 
intersects O* P at d. From d, at right angles to O* RS draw the line 
d e. With d as center, and de as radius, draw the arc e e\ intersecting 
O* P at e\ from which point, at right angles to OM in plan, draw a 
line intersecting OM at e^\ Draw a line from b to ^' to c, which repre- 
sents the true section of the hip after which the pattern shown in Fig. 
331 is foniied. 

The pattern for the deck mould D B in Fig. 330 is obtained in the 
same way as the square miter shown in Fig. 277; while the pattern for 
the apron D* in Fig. 331 is the same as the one-half pattern of the hip 
ridge shown by n H 1 6. 

In Fig. 332 is shown a front elevation of an eye-brow dormer. In 
this view ABC represents the front view of the dormer, the arcs being 
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H J 



Fig. 332. 

struck from the center points D, E, and F. A section taken on the 
line H J in elevation is shown at the right; L M shows the roof of tlie 
dormer, indicated in the section by N; while the louvers are shown in 
elevation by O P and in section by RT. 

In Fig. 333 is shown how to obtain tlie various patterns for the 
various parts of the dormer. ABC represents the half-elevation of the 
dormer, and EFG a side view, of which EG is the line of the dormer 
EF that of the roof, and GF the line of the pitched roof against which 
the dormer is required to miter. 

The front and side views being placed in their proper relative 
positions, the first step is to obtain a true section at right angles to EF. 
Proceed as follows: Divide the curve A to B into a number of equal 
spaces, as shown from 1 to 9. At right angles to A C, and from the 
figures on A B, draw lines intersecting E G in side view as shown. 
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From these intersections, and parallel to EF, draw lines intersecting 
the roof-line GF at P, 2^, 3^, etc. Parallel to EF, and from the point 
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Fig. 333. 

Gy draw any line indefinitely, as G II. At right angles to EF, and 
fn^in the point E, draw the line EH, intersecting linos previously drawn, 
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at IS 2*, 3S etc., as shown. Now take a duplicate of the line E H, with 
the various intersections thereon, and place it on the center line AC 
extended as K J. At right angles to K J, and from the figures P, 2^, 3', 
etc., draw lines, which intersect with those of similar numbers drawn 
at right angles to CB, and from similariy numbered points on the curve 
A B. Trace a line through the points of intersection thus obtained. 
Then KLMJ will be one-half the true profile on the line E H in side 
view, from which the stretchout will be obtained in the development 
of the pattern. 

For tlie pattern for the roof of the dormer, draw at right angles 
to EF in side view the line N O, upon w^hich place the stretchout of 
one-half the true profile on the line EH as shown by the small figures 
]\ 2*, 3S etc. Then, at right angles to N O, and through the figures, 
draw lines, which intersect with those of similar numbers drawn at 
right angles to EF from intersections on EG and GF. Trace a line 
through the points thus obtained. Then will PRST represent one- 
half the pattern for the roof. 

To obtain the pattern for tlie shape of the opening to be cut into 
the roof, transfer the line GF, with the various intersections thereon, 
to any vertical line, as UV, as shown 
by the figures P, 2*, 3®, etc. In 
similar manner, transfer the line 
CB in front view, with the various 
intersections on same, to tlie line 
ZW, drawn at right angles to UV, 
as shown by the figures 1, 2, 3, etc. 
At right angles to UV, and from 
the figures, draw lines, which in- 
tersect with those of similar num- 
bers drawn at right angles to YZ. 
Through these points, trace a line. 
Then will UXYZ be the half-pattern for tlie shape of the opening 
to be cut into the main roof. 

For the pattern for the ventilating slats or louvers, should they 
be required in tlie dormer, proceed as shown in Fig. 334. In this 
figure, A B C is a reproduction of the inside opening shown in Fig. 333. 
Let 1, 2, 3, 4, 5 in Fig. 334 represent the sections of the louvers which 
will be placed in this opening. As the methods of obtaining the pat- 
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terns for all louvers are alike, the pattern for louver No. 4 will illus- 
trate the principles employed. Number the various bends of louver 
No. 4 as shown by points 6, 7, 8, and 9. At right angles to A B, and 
from these points, draw lines intersecting the curve A C as 6*, 7^, 4*, 8S 
and 9*. On B A extended as E D, place the stretchout of louver No. 4, 
as shown by the figures on ED. Since the miter-line AC is a curve, 
it will be necessary to introduce intermediate points between 7 and 8 
of the profile, in order to obtain this curve in the pattern. In this 
instance the point marked 4 has been added. 

Now, at right angles to DE, and through the figures, draw lines, 

which intersect with those of similar numbers, drawn parallel to AB 

p^ r — ..^ ^ ^ from intersections 6* to 9^ 



on the curve AC. A line 
traced tli rough the points 
thus obtained, as FKJH, 
will be the half-pattern 
for louver No. 4. The 
pattern for the face of 
the dormer is pricked 
onto the metal direct 
from the front view in 
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.yy/yyyyyyyAy/^y/yy.y/yyyyy/x./'yx^ Fig- 333, in which A 8 



B C is the half-pattern. 

In laying out the 

patterns for bay window 

work, it often happens 




that each side of the window has an unequal projection, as is shown 
in Fig. 335, in which DEF shows an elevation of an octagonal base of 
a bay window having unecjual projections. All that part of the bay 
above the line AB is obtained by the method shown in Fig. 290, while 
the finish of the bay shown by ABC in Fig. 335 will be treated here. 
In some cases the lower ball C is a half-spun ball. A* B^ F^ is a true 
section through A B. It will be noticed that the lines Ca, Cc, and Cd, 
drawn respectively at right angles to oft, 6c, and erf, are each of different 
lengths, thereby making it necessary to obtain a true profile on each 
of tliese lines, before the patterns can be obtained. This is clearly 
explained in connection with Fig. 336, in which only a half-elevation 
and plan are required as both sides are symmetrical. First draw the 
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center line AB, on which draw the half-elevation of the base of the 
bay, as shown by CDE. At right angles to AB draw the wall line 
in plan, as FK ; and in its proper position in relation to the line CD in 
ele\'ation, draw the desired half-plan, as shown by GHIJ. From the 
corners H and I draw the niiter-lines HF and IF, as shown. As DE 




represents tlie given profile through FG in plan, tlien divide the profile 
DE into an equal number of spaces as shown by the figures 1 to 13. 
From these points drop vertical lines intersecting the miter-line FH 
in plan, as shown. From these intersections, pardlel to HI, draw 
lines intersecting the miter-lines IF, from which points, parallel to IJ, 
draw lines intersecting the center line FB. Through the various 
points of intersection in DE, draw horizontal lines indefinitely right 
and left as shown. 
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If for any reason it is desired to show the elevation of the miter- 
line FI in plan (it not being necessary in the development of the pat- 
tern), then erect vertical lines from the various intersections on FI, 
intersecting similar lines in elevation. To avoid a confusion in the 
drawing, these lines have not been shown. Trace a line through 
points thus obtained, as shown by D^ 13, which is the desired miter- 
line in elevation. 

The next step is to obtain the true profile at right angles to HI 
and IJ in plan. To obtain the true profile through No. 3 in plan, take 
a tracing of J F, with the various intersections thereon, and place it on 
a line drawn parallel to CD in elevation, as J^ F^ with the intersections 
1 to 13, as shown. From these intersections, at right angles to J* F*, 
erect lines intersecting similar lines drawn through the profile DE in 
elevation. Trace a line through the points thus obtained, as shown 
by 1' to 13', which represents the true profile for part 3 in plan. At 
right angles to IH in plan, draw any line, as ML, and extend the va- 
rious lines drawn parallel to IH until they intersect LM at points 1 to 
13, as shown. 

Take a tracing of LM, with the various points of intersection, 
and place it on any horizontal line, as L* M*, as shown by the figures 
1 to 13, from which, at right angles to L* M*, erect vertical lines inter- 
secting similarly numbered horizontal lines drawn through the profile 
DE. Trace a line tlirough the points thus obtained. Then will 
r— 13" be the tnie profile through No. 2 in plan at right angles to HI. 

For the j)attern for No. 1 in plan, extend the line FK, as NO, upon 
which place the stretchout of the profile DE as shown by the figures 
1 to 13 on NO. At right angles to NO, and fi*om the figures, draw 
lines, which intersect with lines (partly shown) drawn parallel to FG 
from similar intersections on the miter-line FH. Trace a line through 
the points thus obtained; then will IP 13 be the pattern for part 1 
in plan. 

At right angles to H I, draw any line, as T U, upon which place 
the stretchout of profile No. 2, being careful to measure each space 
separately, as they are all unecjual, as shown by the small figures V to 
13" on TU. Through these figures, at right angles to TU, draw lines 
as shown, which intersect by lines (not shown in the drawing) drawn 
at ri'rht aiiL^Ies to I II from similar points on the miter-lines HF and FI. 
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Trace a line through the points thus obtained. Then will V W X be 
the pattern for part 2 in pl&n. 

For the half-pattern for part 3 in plan, extend the center line A B 
in plan as B R, upon which place the stretchout of the true profile for 
3, being careful to measure each space separately, as shown by the 
figures 1' to 13' on BR. At right angles to B R draw lines through 
the figures, which intersect by lines drawn at right angles to J I from 
similar points of intersection on the miter-line F I. A line traced 
through points thus obtained, as 1' S 13', will be the half-pattern 
for part 3. 

DEVELOPMENT OF BLANKS FOR CURVED MOULDINGS 
Our first attention will be given to the methods of construction, 
it being necessary that we know the methods of construction before 
the blank can be laid out. For example, in Fig. 337 is a part elevation 
of a dormer window, with a semicircular top whose profile has an ogee, 
fillet, and cove. If this job were undertaken by a firm who liad no 
circular moulding machine, asis the casein many of the smaller shops, 
the mould would have to be made by hand. The method of construc- 
tion in this case would then be as shown in Fig. 33S, 
which shows an enlarged section through a 6 in Fig. 
337. Thus the strips a, h. and c in Fig. 338 would be 
cut to the required size, and would be nothing mi 
than straight strips of metal, while d d' would be an '^ 
angle, the lower side d' being notched with the shears 
and turned to the required circle. Tlie face strips c, 
f, and h would represent arcs of circles to correspond 
to their various diameters obtained! fnim the full-sized 
elevation. These face and sink strips would all be 
soldered together, and form a succession of square angles, a; 
which the ogee, a.s shown by i j, an<! the cove, as shown by v 
fitted. In obtaining the patterns for the blanks hammered by hand, 
the averaged lines would be drawn as shown by k I for tlie ogee and 
n o for the cove. The method or principles of averaging these and 
other moulds will be explained as we proceed. 

In Fig. 339 is shown the same mould as in the previous figure, 
a different method of constniction being employed from the one mmU- 
by hand ami tlie one lmniniere«l up by machine. In machine work tlii.s 
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mould can be hammered in one piece, 8 feet long or of the length of the 
sheets in use, if such length is required, the machine taking in the full 





Fig. 338. Fig. 339. 

mould from A to B. The pattern for work of this kind is averaged 
by drawing a line as shown by CD. This method will also be ex- 
plained more fully as we proceed. 

SHOP TOOLS EMPLOYED 

When working any circular mould by hand, all that is required 
in the way of tools is various-sized raising and stretching hammers, 
square stake, blow-horn stake, and mandrel including raising blocks 
made of wood or lead. A first-rate knowledge must be employed 
by the mechanic in the handling and working of these small tools. In 
a thoroughly up-to-date shop will be found what are know^n as "curved 
moulding*' machines, which can be operated by foot or power, and 
which have the advantage over hand operation of saving time and 
labor, and also turning out first-class work, as all seams are avoided. 

PRINCIPLES EMPLOYED FOR OBTAINING APPROXIMATE 
BLANKS FOR CURVED MOULDINGS HAMMERED BY HAND 

The governing principles underlying all such operations are the 
same as every sheet-metal worker uses in the laying out of the simple 
patterns in flaring ware. In other words, one who understands how to 
lay out the pattern for a fnistum of a cone understands the principles 
of developing the blanks for curved mouldings. The principles will 
be described in detail in what follows. 

Our first problem is that of obtaining a blank for a plain flare, 
show^n in Fig. 340. First draw the center line A B, and construct the 
half-elevation of the mould, as C D E F. Extend D E until it inter- 
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sects the center line A B at G. At right angles to A B from any point, 
as H, draw H 1 equal to C D, as shown. Using H as center, and with 
H 1 as radius, describe the quarter-circle 1 7, which is a section on 
C D. Divide 1 7 into equal spaces, as shown. Now using G as center, 
witli radii equal to G E and G D, describe the arcs D 7' and E E°. 
From any point, as 1', draw the radial line 1' G, intersecting the inner 
arc at E*. Take a stretchout of the quarter-section; place it as shown 





FiK. 3i0. Fig. 341. 

from r to 7'; and draw a line frora7' to G, intersecting the inner arc 
at E°. Then will E'^ 1' 7' E° be the quarter-pattern for the flare D E 
in elevation. If the pattern is required in two halves, join two pieces; 
if required in one piece, join four pieces. 

In Fig. 341 is shown a curved mould whose profile contains a cove. 
To work this profile, the blank must be stretched with the stretching 
hammer. We mention this here so that the student will pay attention 
to the nde for obtaining patterns for stretched mmdds. First draw the 
center line A B; also the half-elevation of the moulding, as C D E F. 
Divide the cove E D into an equal number of spaces, as shown from 



343 



252 



SHEET METAL WORK 



a to e. Through the center of the cove c draw a Hne parallel to c a, 
extending it until it meets the center line A B at G, which is the center 
point from which to strike the pattern. Take the stretchout of the 
cove c e and c a, and place it as shown by c e* and c a'. When stretch- 
ing the flare a' r', c remains stationary, r' and a' being hammered to- 
wards c and a respectively. Therefore, from c erect a vertical line 
intersecting H 1, drawn at right angles to A B, at 1. Using H as center 
and H 1 as radius, describe the arc 1 7, which divide into equal 

spaces as shown. W'ith G as center, 
and radii equal to G a', Gc, and G f', 
describe the arcs c" c" , V 7', and a!* 
a". Draw a line from e^ to G, inter- 
secting the center and lower arcs at 
r and a". Starting from T, lay off 
the stretchout of the quarter-section as 
shown from 1' to 7'. Through 7' draw 
a line towards G, intersecting the in- 
ner arc at a"; and, extending the line 
upward, intersect the outer arc at ^. 
Then will a'* e*" (f a" be the quarter- 
pattern for the cove E D in elevation. 
If the quarter-round N O were re- 
quired in place of the cove E D, then, 
as this quarter-round would require to 
be raised, the rule given in the former 
Instruction Paper on Sheet Metal 
Work would be applied to all cases of raised mouldings. 

In Fig. 342 is shown a curved mould whose profile is an ogee. In 
this case as in the preceding, draw the center line and half-elevation, 
and divide the ogee into a number of equal parts, as shown from a to A. 
Through the flaring portion of the ogee, as c c, draw a line, extending 
it upward and down wan! until it intersects the center line A B at G. 
Take the stretchouts from o to c and from c to li and place them re- 
spectively from c to a! and from e to K on the line h! G. Then, in work- 
ing the ogee, that portion of the flare from c\o e remains stationarj'; 
the part from e to K will be stretched to form e h ; while that part shown 
from c to a' will be raised to form c a. From any point in the station- 
ar\' flare, as rf, erect a line meeting the line H 1, drawn at right 
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angles to A B, at 1. Using H as center and H 1 as radius, describe 
the quarter-section, and divide same into equal spaces, as shown. 
With G as center and with radii equal to G a', G d, and G A', describe 
the arcs a'' a'', 1' 7', and h"" h'*. From A" draw a line to G. 
Starting at 1', lay off the stretchout of the section as shown from 1' to 
7'. Through 7' draw a 
line to G, as before de- 
scribed. Then will A" a'' 
a" h" be the quarter-pat- 
tern for the ogee E D. 

In Fig. 343 is shown 
how the blanks are de- 
veloped when a bead 
moulding is employed. 
As before, first draw the 
center line A* B* and the 
half-elevation A B C D. 
As the bead takes up J 
of a circle, as shown by 
a c e f, and as the pat- 
tern for / e will be the 
same as for e c, then will 
the patterti for c e only 
be shown, which can also 
be used for e f. Bisect 
a c and c e, obtaining 
the points h and d, 
which represent the 
stationary points in the 
patterns. Take the 
stretchouts of 6 to a and 
b to c, and place them ^^^' ^^''^• 

as sliown from b to a' and from 6 to c'; also take the stretchouts 
of rf to c and d to e, and place them from d to c' and from d to e' on 
lines drawn parallel respectively to a c and c e from points b and 
d. Extend the lines e' c' and c' a' until they intersect the center 
line A* B* at E and F respectively. From the points b and d 
erect lines intersecting the line G 1, drawn at right angles to A* 
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B', at 14 and 1 respectively. Using G as center, and with radii 
equal to G 14 and G 1, describe quarter-sections, as shown. Divide 
both into equal parts, as shown from 1 to 7, and from 8 to 14. Witli 
E as center, and with radii equal to E c', E d, and E e ^ describe the 
arcs c" c", d d\ and e" e". From any point on one end, as e'\ 
draw a radial Une to E, intersecting the inner arcs at d! and c". Now 
take the stretchout of the section from 1 to 7, and, starting at d , lay 
off the stretchout as shown from 1' to 7'. Through T draw a line 
towards E, intersecting the inner arc at c" and the outer one at e". 
Then will c" e" e" c be the quarter-pattern for that part of the 

bead shown by c ^, also for 

e /, in elevation. For the 

pattern for that part shown 
i \ by a c, use F* as center; and 

' ' with radii equal to F a , F 6, 

Fig. 344. and F c\ describe tlie arcs 
a" a", h' b\ and c" c". From any point 
on the arc 6' 6', as 8', lay off the stretch- 
out of the quarter-section 8 14, as 
shown from 8' to 14'. Through these 
two points draw lines towards ¥\ in- 
tersecting the inner arcs at a" d"; and 
extend them until they intersect the 
outer arc at c" and c". Then will 
c" a" a" c" be the desired pattern. 

In Fig. 344 is shown an illustra- 
tion of a round finial which contains 

moulds, the principles of which have already been described in 
the preceding problems. The ball A is made of either horizontal 
or vertical sections. In Fig. 345 is shown how tlie moulds in a finial 
of this kind are averaged. The method of obtaining the true length 
of each pattern piece will be omitted, as this was thoroughly covered 
in the preceding problems. First draw the center line A B, on either 
side of which draw the section of the finial, as sliown by C D E. The 
blanks for the ball a will be obtained as explained in the Instniction 
Paper on Sheet Metal Work. Tlie mould b is averaged as shown by 
the line e /, extending same until it intersects the center line at A, e f 
representing the stretchout of the mould obtained, as explained in the 
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paper on Sheet Metal Work. Using h as center, with h f and h e as 
radii, describe the blank 6°. 

In the next mould, c c', a seam is located in same as shown by 
the dotted line. Then average C by the line i ;V extending same until 
it meets the center line at k; also average c' by the line / m, extending 
this also until the center line is intersected at n. Then i j and / m 
represent respectively the stretchouts of the mould c c\ the blanks c° 
and c^ being struck respectively from the centers k and n. The mould 
fc' 6" also has a seam, as shown by the dotted line, the moulds being 
averaged by the lines p o and s t, which, if extended, intersect the 
center line at r and u. These points are the centers, respectively, for 
striking the blanks 6° and 6*. The flaring pieced is struck from the 




r 



!^ 




Fig. MVk 

center a*, with radii equal to x w and x Vy thus obtaining the blank d?. 
By referring to the various rules given in previous problems, the 
true length of the blanks can be obtained. 

The principles used for blanks hammered by hand can be applied 
to almost any form that will arise, as, for example, in the case shown 
in Fig. 346, in which A and B represent circular leader heads; or in 
that shown in Fig. 347, in which A and B show two styles of balusters, 
a and b (in both) representing the square tops and bases. Another 
example is that of a round finial, as in Fig. 348, A showing the hood 
which slips over the apex of the roof. WTiile these forms can be 
bought, yet in some cases where a special design is brought out by the 
architect, it is necessary that they be made by hand, especially when 
but one is required. 

The last problem on handwork is shown in Fig. 349 — that of 
obtaining the blanks for the bottom of a circular bay. The curved 
moulding A will be hammered by hand or by machine, as will be ex- 
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plained later on, while the bottom B is the problem before us. The 
plan, it will be seen, is the arc of a circle; and, to obtain the various 
blanks, proceed as shown in Fig. 350, in which A B C is the elevation 
of the bottom of the bay, I J K being a plan view on A C, showing the 





Fig. 347. 

curv^e struck from the -center H. In this case the 
front view of the bottom of the bay is given, and 
must have the shape indicated by A B C taken on the 
line I J in plan. It therefore becomes necessarj^ to 
establish a true section on the center line S K in 
plan, from which to obtain the radii for the blanks or 
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patterns. To obtain this true section, divide the curve A B into any 
number of equal parts, as shown from 1 to 6. From the points of 
division, at right angles to A C, drop lines as shown, intersecting the 
wall line I J at points T to 6'. Then, using H as center, and radii 
equal to H 6', H 5', H 4', H 3', and H 2', draw arcs crossing the 
center line D E shown from 1" to 6". At any convenient point 
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opposite the front elevation draw any vertical line, as T U. Extend 
the lines from the spaces in the profile A B until they intersect 
the vertical line T U as shown. Now, measuring in every instance 
from the point S in plan, take the various distances to the num- 




I t 






\ 



\ In 



E 
Fig. 350. 

bered points in plan and place them upon lines of 

similar numbers, measuring in eveiy instance from 

the line T U in section. Thus take the distance 

S K in plan, and place it as shown from the line 

T U to K* ; then again, take the distance from S to 2" 

in plan, and place it as shown from the line T U to 2" on 

line 2 in section. Proceed in this manner until all the points 

in the true section have been obtained. Trace a line as 

shown, when 1" to 6" to Y will be the true section on the 

line S K in plan. 

It should be understood that the usual method for 
making the bottom of bays round in plan is to divide the profile of 
the moulding into such parts as can be best raised or stretched. As- 
suming that this has been done, take the distance from I'' in plan to 
the center point H, and place it as shown from 1" to L in section. 
From the point L, draw a vertical line L M, as shown. For the pat- 
tern for the mould 1" 2", average a line through the extreme points, 
as shown, and extend the same until it meets L M at N. Then, 
with N as center, and with radii equal to N 2" and N V^ describe 
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the blank shown. The length of this blank is obtainetl by measur- 
ing on the arc 1' V in plan, and placing this stretchout on the arc 1" 
of the blank. The other blanks are obtained in precisely the same 
manner. Thus P is the center for the blank 2" 3"; R, for the blank 
3" 4"; O, for the blank 4" 5"; and M, for the blank 5" 6". 

The moulds 1" 2", 2" 3", and 3" 4" will be raised; while 
the blanks 4" 5" and 5" 6" will be stretched. 

APPROXIMATE BLANKS FOR CURVED MOULDINGS 

HAMMERED BY MACHINE 

The principles employed in averaging the profile for a moulding 
to be rolled or hammered by machine do not differ to any material 
extent from those used in the case of mouldings hammered by hand. 

Fig. 351 shows the general method of aver- 
aging the profile of a moulding in determin- 
ing the radius of the blank or pattern. It 
will be seen that A B is drawn in such a 
manner, so to speak, as to average the in- 
ec|ualities of the profile D C required to be 
made. Thus distances a and h are equal, as 
are the distances c and rf, and e and /. It is 
very difficult to indicate definite rules to be 
^B observ ed in drawing a line of this kind, or, 
in other words, in averaging the profile. 
Nothing short of actual experience and intimate knowledge of the 
material in which the moulding is to be made, will enable the operator 




Fig. 351. 




SECTION 



Fig. 3'>2. 

to decide correctly in all causes. There is, however, no danger of 
making very grave errors in this res[)ect, because the * capacity of 
the machines in use is such, that, were the pattern less advanta- 
geously planned in this particular than it should be, still, by passing 
it through the dies or rolls an extra time or two, it would be brought 
to the required shape. 
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In Fig. 352 is shown a part elevation of a circular moulding as it 
would occur in a segmental pediment, window cap, or other structure 
arising in sheet-metal cornice work. B shows the curved moulding, 
joining two horizontal pieces A and C, tlie true section of all the moulds 
beinff shown by I). 

In this connection it may be proper to remark that in practice, 
no miters are cut on the circular blanks, the miter-cuts being placed on 
the horizontal pieces, and the circular moulding trimmed after it has 
been formeil up. 

In Fig. 353 is shown the method of obtaining the blanks for 
mouldings cuned in elevation, no matter what their radius or profile 
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Fig. 353. 

may be. First draw the center line A B, and, with the desires! center, 
cis B, describe the outer curve A. At right angles to A B, in its proper 
position, draw a section of the profile as shown by C D. From the 
various members in this section, project lines to the center line A B, 
as 1, 2, 3, and 4; and, using B a,s center, describe the various arcs and 
complete the elevation as shown by A B C in Fig. 352, only partly 
shown in Fig. 353. In the manner before describeil, average the 
pn)file C 1) by the line c rf, extending it until it intersects the line drawn 
through the center B at right angles to A B, at E. Then E is the center 
fn)m which to strike the pattern. Centrally on the section C D, estab- 
lish e on the line c rf, where it intersects the mould, and take the 
stretchout from e to C and from e to D, and place it as shown respec- 
tively from e to c and from c to d on the line c d. Now, using E as 
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Fig. 354. 



center, with radii equal to E rf, E e, and E c, describe the arcs d' d", 
e' ^', and c' c". Draw a Hne from c' to E, intersecting the middle and 
inner arc at e/ and d'. The arc e' (f' then becomes the measuring line 

to obtain the length of the pattern, the length 
being measured on the arc 2 in elevation, 
which corresponds to the point e in section. 

In Fig. 354 is shown the elevation of a 
moulding A curved in plan B, the arc being 
struck from the given point a. This is apt to 
occur v\^ien the moulding or cornice is placed 
on a building whose corner is round. To ob- 
tain the pattern when the moulding is curved 
in plan, proceed as shown in Fig. 355. Draw 
the section of the moulding, as A B, A C be- 
ing the mould for which the pattern is desired. 
C B represents a straight strip w^hich is at- 
tached to the mould after it is hammered or rolled to sha]>e. In 
practice the elevation is not required. At pleasure, below the sec- 
tion, draw the horizontal line E D. From the extreme or outside 
edge of the mould, as fc, 
drop a line intersecting the 
horizontal line E D at E. 
Knowing the radius of the 
arc on 6 in section, place it 
on the line E D, thus ob- 
taining the point D. With 
D as center, describe the 
arc E F, intersecting a line 
drawn at right angle to E 
D from D. Average a line 
through the section, as G 
H, intersecting the line D F, 
drawn vertical from the cen- 
ter D, at J. Establish at 
pleasure the stationary 
point a, from which drop a line cutting E D at a'. Using D as 
center, and with D a' as radius, describe the arc a' a", which is the 
meiisuring line when laying out the pattern. Now take the stretch- 
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outs from a to b and from a to c, and place tliein on tlie avera^^ed 
line from o to (i and from a to H respectively. I'sing J as center, 
with radii extending to the varioiLs jraints O, a, sind H, defic-ribe the 
arcs G 0', a a"', an<i H H'. On 
the arc a' a'", tlie pattern is 
measured to ci)rrespon<] to file 
arc a' a" in plan. 

In Fi{;. 3'i(i i.s shown a front 
view of an ornamental bull'-s-eve 
window, sliowing ttie circular 
mould A B C D, which in this 
case we desire to lay out in one 
piece, so that, when hammered 
or roiled in the machine, it will 
have the desired diameter. The 
same principles can be applie<l 
to the upper mould E F, as were 
used in connection with Fi^'s. - — 
352 and 3o3. ^^ ^^*' 

To obtain the blank for tiiebuil's-e e vm I w 1 wn in tig 3o6 
pnjceed as shown in Fig. 'AryJ. I,et A H f I> represent the elevation 
of the bull's-eye struck from the wnter K. Tlm)ugh E draw the hori- 





zontal and perpendicular lines shown. In its proper position, draw a 
section of die window as shown by F G. Through the face of the 
mould, as II I, average the line H' I', extending it until it intersects 
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the center line B D at J. Where the average line intersects the mould 
at a, establish this as a stationary point; and take the stretchouts from 
a to I and from a to H, and lav them off on the line H* V from a to V 

and a to H^ respectively. As 1 
T) in elevation represents the 
quarter-circle on the point a 
in section, divide this quarter- 
circle into equal spaces, as 
shown. Now, with radii ecjual 
to J Vy J a, and J HS and with 
J in Fig. 358 as center, de- 
scribe the arcs H H, a a, and 
I I. From any point, as H, 
on one side, draw a line to J, 
intersecting the middle and in- 
ner arcs at a and I. Take the stretchout of the quarter-circle from 
1 to 5 in elevation in Fig. 357, and place it on the arc a a as shown 
from 1 to 5. Step this off four times, as shown by 5', 5", and 5'". 
From J draw a line through 5'", intersecting the inner and outer arcs 
at I and H. Then will H a a H be the full pattern. 




Fig. 358. 
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EXAMINATION PLATES. 



The plates of this Instruction Paper should be laid out the same 
size as the plates in Tinsmithing and Sheet-Metal Work (Parts I, II, 
and III). The border lines should be drawn as there described. 
Before starting on the drawings which will be sent to the School, the 
student should first practice on other paper, then copy and send cor- 
rected drawings for examination. 

PLATE X —TRIANGULAR PANEL 

ABC represents the outline of a triangular panel. When draw- 
ing this, make the line C B 9J inches long, 3 inches above the lower 
margin line and in the center of the length of the sheet. Place the 
point A 5 inches above and in the center of C B. 

Draw the profile of the mould in the position shown, making 
the face width a 6 1 J inches, the projection from A to d 1^ inches, 
the projection of b I inch, the face d \ inch; and, using c as center, 
with a radius equal to J inch, strike the cove d b. Then proceed to 
lay out the pattern for the one side of the panel shown by A C c ^ at 
right angles to A C, using the method given in Fig. 284. 

PLATE XI— CIRCULAR PANEL 

Three inches from the left margin line, draw the center line B J. 
Three inches below the upper margin line, on the line B J, locate e. 
Using e as center, with radius equal to 2h inches, draw the outer circle 
A B C D. Then, with a radius equal to A L in elevation, or f inch, 
draw the coves shown in plan, which completes the plan \iew by draw- 
ing F (t. Now obtain the pattern in one piece for the cove O, by 
averaging the line a 6 as shown, being careful to follow the rule given 
in connection with Fig. 341, and place the pattern in the center of the 
space in Plate XI. 

PLATE XII— GABLE MOULDING ON A WASH 

Draw the center line A B 4 A inches from the left margin line, J 
inch abjve the bottom, and 3 inches below the top. Make the length 
of the line B C 8 J inches, 1| inches above the bottom margin. 
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Make the height of the lower member C f inch. Make the distance 
from the center Hne A B to the point C 8J inches, and the distance 
from B to A of inches, and draw a Hne from C to A, giving the de- 
sired pitch. Parallel to A C, draw the face view of the members of 
the mould, making the upper fillet \ inch, the cove 1 inch, and the 
lower fillet | inch. From A, locate b at a distance of 2 J inches. 
Draw the perpendicular b F. Make the projection from 6 to E 1} 
inches. Make the projection of the upper and lower fillets each f 
inch; and, using a as center, w^th a radius equal to 1 inch, draw the 
quarter-round shown. Now draw a section of the wash G H, placing 
it centrally between the line A B and margin; place H in its relative 
position to B ; and from H, at an angle of 40 degrees, draw H G. Four 
and one-fourth inches above the point G, draw a duplicate of the pro- 
file E 6 F, as shown by E^ F^ b\ Then proceed to obtain the miter- 
line in elevation, and lay off the pattern at right angles to A C in the 
manner explained in connection with Rg. 299. 

PLATE XIII— REDUCED MITER 

In this plate is shown the soffit plan of a reduced miter in which 
the profile is given for the front piece and must return in a given dis- 
tance at the side. Three and one-fourth inches below the upper mar- 
gin, draw A B 2 inches long, the corner B to be 5 j inches from the 
right margin. Make the distance from B to C J inch, and from 
C to D 4J inches. Draw the outline of the front mould 1 i inches from 
and parallel to C D, and the outline of the return mould 1 inch from 
and parallel to B C. On the line C D, 1| inches from C, locate the 
point fc, then construct the profile G as shown, making b c equal to 
2J inches. Make c equal to f iiich; d equal to 1 inch; e equal to f 
inch; / equal to V inch; and with a radius equal to f inch, strike the 
cove shown, using a as center. Above the line A B, obtain the true 
profile for the return A B C F, and lay off this pattern at right angles to 
A F centrally between A F and the margin line. Also lay off the pat- 
tern for the front F C D E at riglit angles to F E, centrally between the 
line F E and the lower margin line, following the rules given in con- 
nection with Fig. 320. 

EXAMINATION PLATES 

Drawing Plates X to XIII inclusive constitutes the examination 
for this Instruction Paper. The student should draw these plates 
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in ink, and send them to the School for correction and criticism. The 
vertical letters are merely for explanation, and should not be placed 
upon the plates sent us. The date, student's name and address, and 
the plate number should be lettered pn each plate in inclined Gothic 
capitals. 
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PRACTICAL PROBLEMS IN MENSURATION 
FOR SHEET METAL WORKERS. 



A square tank, Fig. 1, is required whose capacity should be 
200 gallons, the sides h a and a c each to be 30 inches; how high 
must c d be, so that the tank will hold the desired quantity ? 

Suppose the height <? 6? is to be 51^ inches, and the tank is to 
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CAPACITY 
200 GALLONS 




CAPACITY 
510 GALLONS 






Fig. 1. 



Fig. 2. 



have similar capacity, and one side c 'a is to be 20 inches wide, 
how long must the alternate side a h be, so tliat the tank will 
hold 200 gallons ? 

A round tank. Fig. 2, is to be constructed whose capacity 
should equal 510 gallons, and be 5 feet high from c to a\ what 
must its diameter a h be, so as to hold the desired capacity ? 

Suppose the diameter of 
the tank is to be 50 inches 
as « h\ what must its height 
a c be, so that the tank will 
hold 510 gallons ? 

A large drip pan, Fig. 3, is 
to be constructed whose ea- 



rn 



Tl 




Fig. 3. 



pacity should be 105 gallons, and whose top measurements a h and b c 
are 60 X 40 inches respectively, and bottom measurements ^Z^and 
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<^y 34 X 54 inches respectively; what must its height //^ n be, bo 
as to hold the desired volume ? 

A round tapering measure, Fig. 4, is to be constructed whose 
volume will equal 42 quarts; its bottom diameter a J is to be 14 
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Fig. 4. 




inches, its top diameter <? d 18 inches; what must its height ^'y*be 
to hold the desired quantity ? 

An elliptical tapering tank, Fig. 5, is to be constructed whose 
major axis in b is 24 inches, and minor axis c d 14t inches at the 
top, while at the bottom the major axis ef\% 20 inches, and minor 
axis g h 10 inches; the capacity of the tank should equal 44 
quarts; what must the height in n be, so that the tank will hold 
the desired amount ? 

A tank. Fig. 6, is to be constructed with semicircular ends 
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Fig. 6. Fig. 7. 

whose capacity should equal 30 gallons; the length a i to be 29 
inches, and the diameters of c and d to be each 10 inches; what 
must the height efhe^ so that the tank will hold the desired 
quantity ? 

Suppose the height ^y*is to be 24 inches, the diameters c and 
d each 11 inches; what must the length of a h be, so that the tank 
will hold 30 gallons ? 
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In Fig. 7 is shown a fitting used in ventilation piping; the 
diameter a b is 11^ inches and it is desired that the oblong pipe 
on the opposite end shall have an area similar to the round pipe a b\ 
if ^y*must be 5 inches, what must c d be so that both areas are alike ? 

Suppose the pipe is to be square in place of oblong, what must 
the length of each side be, so that both ends have similar area ? 

In Fig. 8, a 5 is 40 inches in diameter; and each one of the 
branches c^ d^ and e are to have equal diameters, what must the 
diameter of the branches be, so that the combined area of c, d^ 
and e will equal the area oi a h'i 

If c is 10 inches in diameter, d 12 inches, and e 8 inches, 
what must be the diameter of a J^ to have the combined area of 
the branches ? 

Fig. 9 shows a transition piece from a round pipe a to an 
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elliptical pipe 6, both sections to have similar area; if the round 
pipe is 24 inches in diameter, and the major axis of the elliptical 
pipe must be 32 inches, what must the minor axis of h be so that 
the area at h will equal the area of a ? 

If the minor axis of h is to be 16 inches and the major axis 35 
inches, what must the diameter of a be, so that both sections will 
have similar area? 

In Fig. 10, a is 20 inches in diameter and forms a transition 
to an oblong pipe with semicircular end; the semicircular ends 
are to be 10 inches in diameter; what must the length oi c d be, 
so that the area of h will be equal to the area of c;^ ? 

If the pipe h measured 40 X 11 inches, having semicircular 
ends, what must the diameter of a be, so that both sections are 
ecjual in area ? 

If (I is 20 inches in diameter and the upper section was to be 
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rectangular in shape, 8 inches wide, what would the length of the 
upper section be ? 

Suppose the upper section h was desired to be square, what 
must the length of each side be, to have an area similar to « ? 

In Fig. 11 is shown the illustration of an ordinary steel square, 
and the method is given of obtaining accurate diameters of pipes, 
round or square, without any computation whatever, the rule being 
based on the geometrical principle that the square of the hypothe- 
nuse of a right angle triangle is equal to the sum of the squares 
of its base and altitude. To illustrate the rule. Fig. 12 has been 
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Fig. 11. 

prepared. I^et A represent a round or square pipe, 20 inches across, 
and B a round or square pipe 12 inches across; it is desired to 
take a branch from the main so that the two branches B and C will 
equal the area of the main A. What must the size of C be ? 

The size of C is found by simply taking a rule 20 inches 
long and placing one end on the arm of the square in Fig. 11, on 
the number 12, when the opposite end of the rule will touch the 
number 16. Then 10 is the required size of the branch C in Fig. 
12. We can prove this by computation which, however, is not 
necessary in practice. The area of a 20- inch round pipe equals 
314.16 in.; area of 12-in. pipe = 113.098 in.; area of 16-in. 
pipe = 201.062 in.; and 113.098 in. + 201.062 in. = 314.160 in. 
The area of a 20-in. square pipe = 400 in.; area of 12-in. square 
pipe =r 144 in.; area of 16-in. square pipe = 256 in.; and 
256 in. -f 144 in. = 400 in. 
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Suppose any two branches are given as B and C in Fig. 12, 
what must the size of A be so that its area will have the com- 
bined area of the two branches ? 

Simply set the rule on the numbers 12 and 16 on the two 
yi^ ^ arms of the square respectively, and the length 
^ from a to b in Fig. 11 will measure 20 inches. 
If A, Fig. 12, were given, and two branches 
were required, so that B and C were both of 
equal size, then simply set the rule 20 inches 
long, on both arms of the square so that the 
distance from O to <? and O to d would be 
equal, as shown in Fig. 11, which would be 
found to measure 14^^ in. plus a least trifle. 
This rule can be used to advantage for any size round or square 
pipe in blower, blast, heat, and ventilating piping, saving time and 
trouble in computation. Where no square is at hand, one can^be 
drawn on paper and used for work of this kind. 
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AR, TO BUILD, TO BUILD i 
THAT IS THB NOBLBST ART OF ALL THB ARTS 
PAINTING AND SCULPTURE ARB BUT IMAGBS- 
ARE MERELY SHADOWS CAST BY OUTWARD THINGS 
ON STONE OR CANVAS, HAVING IN THEMSELVES 
NO SEPARATE EXISTENCE. ARCHITECTURE, 
EXISTING IN ITSELF, AND NOT IN SEEMING 
A SOMETHING IT IS NOT, SURPASSES THEM 
AS SUBSTANCE SHADOW. 

Henry Wadsivorth LongfeUotv* 
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In this index the Volume number appears in Koman numerals 
thus I, II, III, etc., and the Page number in Arabic numerals thus 
1, 2, 3, 4, etc. For example, Volume IV, Page 327, is written, IV, 327. 

The page number of each "volume will be found at the bottom of the 
page; the numbers at tHe top refer only to the section. 
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curbs for 


IV. 


221 


practical modification 




381 


examination plates 


IV. 


279 


problems on 




384 


patterns for 


IV. 


220 


theory of 




371 


patterns for hipped 


IV. 


228 


Sheet-metal skylight, construction 




styles of 


IV. 


225 


of 


IV. 


217 


Slitting shears 


IV. 


292 


Sheet-metal work 


IV. 67-363 


Small letters 


I. 


200 


construction 


IV. 


67 


"Soffit" of Doric order 


II. 


273 


coppersmith problems 


IV. 


181 


Solids 






cornices 


IV. 


285 


defined 


I. 


61 


developments 


IV. 


69 


shadows of 


II. 


178 


examination plates IV. 141-147; 211 


-213 


Spacing letters 


I. 


199 


intersections 


IV. 


69 


Spheres, defined 


I. 


64 


light gauge metal problems 


IV. 


151 


Split pulleys 


III. 


362 


patterns for 


IV. 


69 


analysis and theory 


III. 


362 


roofing 


IV. 


242 


practical modification 


III. 


366 


shop tools 


IV. 


68 


Springs, conventional representa 


- 




tables IV. 


68; 126-138 


tion of 


III. 


91 


workshop problems, practical 






Spur gears 


III. 


384 


bath tub 


IV. 


96 


analysis of 


III. 


385 


conical "boss" 


IV. 


92 


cycloid al 


III. 


162 


elbow 


IV. 


111 


theory of 


III. 


388 


Emerson ventilator 


IV. 


105 


Spur gear rim, arms, and hub 


III. 


391 


fimnel strainer pail 


IV. 


100 


Square 


I. 


58 


hip bath 


IV. 


94 


drawing the 


II. 


28 


sink drainer 


IV. 


90 


Square thread 


III. 


93 


Shop drawing 

% 






Squaring shears 


IV. 


292 


completeness of 


III. 


187 


Standing-seam roofing 


IV. 


261 


cost of producing 


III. 


188 


Station point 


11. 


78 


essentials of 


III. 


187 


Steam chest and valve, plate 


III. 


217 


method of procedure 


III. 


190 


Steam cylinder 






Shop tools for sheet-metal work 


IV. 


. 68 


machining of 


III. 


198 


Short rules 


IV. 


23 


molding of 


III. 


198 


Shrouding a tooth 


III. 


393 


plate 


III. 


201 


Single-line Italic letters 


I. 


188 


Steam end layout, plate 


III. 


193 


Sink drain, pattern for 


IV. 


90 


Straight line, defined 


I. 


55 


"Skeleton" construction of letters 


I. 


184 


Straight lines in drawing 


II. 


19 


"Skeleton" letter 


I. 


193 


Strain, defined 


III. 


281 


Sketches 


III. 


40 


Stress, defined 


III. 


281 


Sketching 


I. 


328 


Stretchout lines 


IV, 


13 


materials 'or 


I. 


329 


String course, defined 


II. 


247 


subjects for 


I. 


330 


Structural machinery 


Ill, 


328 


Skylight work 


IV 


217 


Stub tooth 


III. 


394 



Note.— For page numbers ue foot of pages. 
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INDEX 



Part Page 
III, 419. 428 
II. 243-393 
II. 243 
II. 321 
II. 329 
I. 56 
III. 253 
I. 15 



Studs 

Study of the orders 

Roman 
Superposition, defined 
Superposition of the orders 
Surfaces, defined 
Symbols 
T-square 
Tables 

angles and tees IV, 138 

bolt heads, square III. 36 

bolts, strength of III. 424 

corrugated sheets used in roof- 
ing IV. 268 
feather keys, proportions of III, 436 
flat rolled iron, weights of IV. 130-135 
flat-seam roofing IV. 243 
gear design data III. 396 
gib keys, proportions of III, 436 
leather belting, sizes of III. 352 
measure IV. 40 
nuts, square and hexagon III. 36 
. safe working stresses for differ- 
ent speeds III. 390 
screw threads. U. S. standard III. 29 
screw threads. Whitworth stand- 
ard III. 30 
sheet copper IV. 127 
sheet iron and steel, standard 

gauge for IV. 129 

sheet zinc IV. 128 

square and round iron bars IV. 136-137 
standing-seam roofing IV, 244 

terne plates IV, 51 

tin plates, net weight per lx)x IV. 245 
tin plates, standard or regular IV. 49 
tin plates, standard weights 

and gauges IV, 245 

torsional moments III. 293 

weight of iron, copper, lead, 

brass and zinc IV, 126 

wrought iron pipe, standard 

sizes III. 37 

wrought iron pipe, standard 

threads for III, 38 

Tangent of a circle I. 59 



Part Page 

Tap bolts III. 428 

Tea pot. pattern for IV, 33 

Tension, compression, and torsion III. 277 

Terne plate roofing IV, 242 
Testing with the slate in freehand 

drawhig II. 23 

Testing drawings by measurement II, 37 

Third line of projection I, 101 
Threads in sectional pieces, drawing 

of III, 28 

Through bolts III, 428 

Thumb tacks I. 13 

Tight and loose pulleys III, 133 

Tin roofing IV. 242 

Tmsmithing IV. 1 1-64 

capacity of vessels IV. 12 

construction IV, 11 

developments IV, 12 

intersections IV, 12 

patterns for IV, 12 

workshop problems, practical IV. 23 

colander IV, 46 

drip pan IV, 31 

dust pan IV, 44 

foot bath IV, 36 

funnel and spout IV, 27 

hand scoop IV, 28 

measure IV, 40 

paU IV, 25 

scale scoop IV, 42 

tea pot IV. 33 

wash boiler IV, 39 

Tools used in making skylights IV. 220 

Toothed gearing III. 157 

Torsional moments, tabulation of III. 293 

Torus moulding IV. 295 

Tracing I, 154: III, 45 

Tracing on the slate II. 22 

Transferring patterns IV, 25 

Translation cams III, 124 

Trapezium I, 67 

Trapezoid I. 57 

Triangles I. 17 

altitude of I, 57 

base of I. 57 

defined I, 56 

drawing the II, 29 



Note.— For page numbers see foot of pages. 
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Tri&nguiation development 
Truncated prism 
Turret sash 
Tuscan order 
Umbra, defined 
Uniform motion 
U. S. standard screw thread 
V-thread 

Value of freehand drawing to archi- 
tect 
Value drawing 
Value scale in drawing 

how to make 

how to use 
Valve motion details, plate 
Valve motion layout, plate 
Vanishing point diagram 
Vanishing point of lines 
Vanishing points of oblique lines 
Vanishing trace of system 
Varieties of shading 
Varying motion 
Vault, defined 
Ventilation work 
Vertical line, defined 
Vertical trace 
Vessels, capacity of 
Views, arrangement of for drawings 
Visual element 
Visual rays, defined 
V-simk lette'^ 
Wash boiler, pattern for 
Wash-drawings, materials for 
Water color hints for draftsmen 
Water color rendering 
Water color sketching 



PartPage 


IV. 


79 


I. 


62 


IV. 


236 


II. 


258 


II. 


170 


III. 


118 


III. 


29 


III. 


92 


II. 


n 


II. 


40 


II. 


41 


II. 


43 


II. 


43 


III. 


225 


III. 


221 


II. 


129 


II. 


80 


II. 


117 


II. 


82 


II. 


44 


III. 


119 


II. 


250 


IV. 


149 


I. 


55 


II. 


89 


IV. 


12 


III. 


13 


II. 


81 


II. 


77 


I. 


220 


IV. 


39 


I. 


271 


I. 


314 


I. 


322 


I. 


325 



Part Page 



Water cylhider. -cap and air cham- 
ber, plate 
Water cylinder, plate 
Water end layout, plate 
Web gears 

Whitworth standard screw thread 
Wiring, allowance for 
Working drawings 

arrangement of views 

blue printing 

bolts and nuts 

complete instructions 

definition of 

detail drawings 

dimensions 

finished surfaces 
* in general 

lines 

location of views 

pencil drawings 

pipes and pipe threads 

scale drawings 

screw threads 

sectional views 

shade lines 

sketches 

threads in sectional pieces 

tracing 
Working shop drawings 
Working stresses and strains 
Workshop problems, practical IV. 23: 90-124 
Worm and worm gear m, 402 

Wrought iron pipe, standard threads 

for. table m, 33 

Yoke, stuffing-boxes, etc.. plate III. 227 



III. 

III. 

III. 

III. 

III. 

IV. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

III. 

HI. 

in. 
III. 

III. 
III. 
III. 

HI. 

III. 
III. 
in. 



235 

233 
229 
395 
30 
23 
11 
14 
46 
30 
20 
11 
41 
19 
22 
40 
12 
14 
42 
36 
38 
26 
15 
17 
40 
28 
45 
185 
280 
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THE following pages are taken from 
the Bulletin of the American School 
of Correspondence, Chicago. 

Other courses offered arc : Heating, 
Ventilating and Plumbing ; Refrigeration ; 
Civil, Electrical, Mechanical, Stationary, 
Locomotive, and Marine Engineering ; 
Alternating Current Work ; Telephony ; 
Telegraphy; Sheet Metal Pattern Draft- 
ing; Structural Drafting; Textiles, in- 
cluding Knitting, the Manufacture of Cot- 
ton and Woolen Cloth, Textile Chemistry, 
Dyeing, Finishing, and Design ; also Col- 
lege Preparatory, fitting students for en- 
trance to engineering colleges. 

The Bulletin of the School, giving 
complete synopsis of the above courses, 
may be had on request. 




coimsEs 

COMPLETE ARCHITECTUEE 

ARCHITECTURAL ENOINEBRING 

CONTRACTORS' AND BUHDERS* 

ARCHITBCTURAL DRAWING 
CARPENTERS* 

ASCHITECTirBE 

1 HE courses in Architecture are planned to cover the 
actual problems arising in daily work. They offer 
young men in the architect's office or in the con- 
tractor's employ an opportunity to obtain practical 
information which ordinarily could be acquired only 
after long apprenticeship. The instruction is of im- 
mediate value to carpenters, contractors and others engaged in build- 
ing, as great stress is laid on the practical as well as the artistic side 
of the work. The courses offer experienced draftsmen and practicing 
architects an opportunity to make up deficiencieB in their early, pro- 
fessional training. The instruction in Heating, Ventilating, Plumb- 
ing, Gas Lighting, Wiring, — Electricity and Steam as applied to power 
and light, — is such as to enable an architect to obtain an intelligent 
knowledge of subjects which are of growing importance in the plan- 
ning of large buildings. 

The instruction comprises Mechanical Drawing, Descriptive 
Geometry as used in framing, Isometric and Perspective Drawing, 
Shades and Shadows, Free-hand Drawing, Pen and Ink Eendering, 
and the conventional methods of making, figuring, lettering and ren- 
dering plans, elevations, sections and details. The student is taught 
the theory of the design of columns, beams, girders and tnissea. 
Building Materials, Building Construction and Details, including 
framing, sheet-metal work, iireproofing, wiring, piping, heating and 
ventilating systems. Building Superintendence, Specifications and 
Contracts, Building Laws and Permits, and general office practice 
are also discussed. 

In connection with Architectural History, instruction is given in 
History of Ornament, Ornamental Design, followed by a careful study 
of the fundamental principles of design beginning with the Orders. 
These principles are impressed upon the student by a series of interest- 
ing problems in architectural design. 



COMPLETE ARCHITECTURE 

Prepared for Draftsmen, Designers, Architects, Architectural En- 
gineers, Landscape Architects, Building Superintendents, Quantity Sur- 
veyors, Cierl(s of Building Worl(s, Inspectors, Contractors and Builders, 
Masons, Plasterers, Carpenters and Joiners, Heating and Ventilating En- 
gineers, Steam Fitters, Salesmen of Building Materials, Real Estato 
Agents, Instructors, Students and others. 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part I. 

Arithmetic Part II. 

Arithmetic Part III. 

Elementary Algebra and Men- 
suration. 

Algebra Part I. 
•Algebra Part II. 

Geometry. 
•Trigonometry and Logarithms. 

Mechanical Drawing Part I. 

Mechanical Drawing Part XL 

Freehand Drawing. 

Mechanical Drawing Part TIL 

Mechanical Drawing Part IV. 

Architectural Lettering. 

Shades and Shadows. > 

Perspectlre Drawing. 

Architectural Drawing Part L 

Architectural Drawing Part IL 

Rendering. 

Study of the Orders Part L 

Study of the Orders Part IL 

Study of the Orders Part IIL 

History of Architecture. 



Building Superintendence Part I. 

Building Superintendence Part IL 

Strength of Materials Part I. 

Strength of Materials Part II. 

Masonry Construction Part I. 

Masonry Ck)nstruction Part II. 

Carpentry and Joinery Part I. 

Carpentry and Joinery Part IL 

Stair Building. 

Statics. 

Steel Construction Part I. 

Steel Construction Part II. 

Steel Construction Part III. 

Steel Construction Part IV. 

Flreproofing. 

Contracts and Speclflcations. 

Legal Relations. 

Heating and Ventilation Part I. 

Heating and Ventilation Part IL 

Heating and Ventilation Part III 

Plumbing Part L 

Plumbing Part th 



^Optional. 

All instruction papers are handsomely and substantially bound in ai*! 
buckram. They contain from 50 to 100 pages each, 8x10 inches in size, and 
form a convenient and attractive reference library of great practical value. 
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SYNOPSIS OF COURSE 

HATHEHATICS 

ARITHMETIC: Uniti; Numbers; Notation; Addition; Subtraction; Multiplication; Dl- 
Tislon; Factoring; Cancellation; Fractions; Decimals; Symbols of Aggregation; Per* 
centage; Denominate Numbers; Tables of Linear and Square 
Measure; Tables of Weights; Involution; Evolution; Square 
Ro-^t; Cube Root; Roots of Fractions; Ratio; Proportion. 



^ ^ 






y 




^ — 
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ELEMENTARY ALGEBRA: Use of Letters; Addition; Sub- 
traction; Multiplication; Division; Cancellation; Equations; 
Transportation; Finding Value of Unknown Quantities. -9^ «* 

MENSTTRATION: Lines; Angles; Polygons; Circles; Sectors 
and Segments. Measurement of Angles; Triangles; Rect- 
angles; Trapezoids; Hexagons; Circles; Volumes and Sur- 
faces of Prisms; Cylinders; Pyramids: Cone8: Frustums; 
Sphere. Practical Problem: Measurement of Steam Space In 
a Horizontal Multitubular Boiler. h r 



ALOEBBA 

EXPRESSIONS: Symbols; Coefficients and Exponents; Symbols of Relation; Symbols of 
Abbreviation; Positive and Negative Terms; Monomial; Binomial; Trinomial; Poly- 
nomials; Similar Terms. Finding Numerical Value by Substitution. Finding Values 
of Unknown Quantities. 




Addition; Subtraction: Use of Parenthesis: MultlpUca- 
Factoring; Highest Common Factor; Lowest Common 



FT7NDAMENTAL PROCESSES: 
tion; Division; B^ormulae; 
Multiple. 

FRACTIONS: Fractions and Integers; Reduction of Fractions to I^owest Terras; Reduc- 
tion of Fractions to Entire or Mixed Quantities; Reduction of Mixed guantltles to 
Fractions: Reduction of Fractions to Lowest Common Denominator; Addition and Sub- 
traction of Fractions; Multiplication and Division of Fractious; Complex Fractions. 

SIMPLE EQUATIONS: Transposition; Solution of Simple Equations; Solution of Equa- 
tions Containing Fractions; Literal Equations; Equations Involving Decimals; Equa- 
tions Containing Two Unknown Quantities: Elimination by Addition, Subtraction. 
Substitution and Comparison. 

INVOLUTION AND EVOLTmON: Monomials and 
Polynomials; Squares, Culx's and Higher P<»\vcr8. 
The Radical Sign; Theorj' of Exponents; Radi^Nils; 
Reduction of Radicals to Simplest Form; Addition. 
Subtraction. Multiplication and Division of Radi- 
cals. Involution and Evolution of Radicals. Irra- 
tional Denominators; Approximate Values. 



I 




IMAGINARY QUANTITIES: 
ratic Surds. 



Multiplication and Division of Imaginary Quantities. Qur.d- 



EQUATIONS: Solution of Equations Containing Radicals. Pure and Affected Quadratic 
Equations; Simultaneous Equations Involving Quadratics. 

RATIO AND PROPORTION: Alternation; Inversion; Composition; Division. 

PROGRESSION: Arithmetical and Geometrical. 

BINOMIAL THEOREM: Formulae; Positive Integers; Finding Terms in an Expansion. 



OEOHETBT 



DEFINITIONS: Principles; Axioms; Abbreviations. Angles: Acute; Obtuse; Comple- 
mentar>'; Supplementary; etc. Parallel Lines; Axioms. 



FUNDAMENTAL THEOREMS: Plane Figures; Polygons: Equilat- 
eral and Equiangular. Quadrilaterals; Circles; Measurements of 
Angles; Similar Figures; Trapeiium; Trapezoid; Parallelo- 
gram; Rectangle; Square; Rhomboid; Rhombus. Ratio and 
Proportion. Terms; Alternation; Inversion; Composition and 
Division. The Circle: Theorems; Area; Circumference, etc. 

SIMILAR POLYGONS: Definitions. Theorems. Areas of Miscel- 
laneous Figures; Equivalent Polygons: Rectangles, Parallelo- 
grams. 

PROBLEMS OP CONSTRUCTION: Twenty -nine Problems in Construction of Plane Figures. 
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filSTO&Y OF ARCUITKCT URE : Ancient Architecture; Esryptlan; AssTrlan; Grecian; 

Doric, Ionic and Corinthian Orders. Greek Tombs and Theatres; The Acropolis; 

Roman Architecture: Temples; Theatres; Tombs; Triamphal Arches; Medieval Archi- 

KIMAi*<SBStrFUfili<3RDESt tecture: Romanesque; Gothic; English Gothic; Early French 

Styles; Renaissance; Italian; French; Spanish; German; 
English. Classic. European Architecture. American Ar- 
chitecture: Colonial; Residences; Public Buildings; Churches; 
Commercial Architecture. 

STUDY OF THE ORDERS: The Five Orders: Tuscan; Doric; 
Ionic; Corinthian; Composite: Character; Proportions; 
Uses; Typical Examples; Parallel of the Orders; Columns; 
Pilasters; Base; Shaft; Capital; Architrave; Frieze; Cor- 
nice; Arris; Entecis; Triglyphs; Metopes; Volutes; Modules. 
Proportion of Arches; Doorways; Pediments; Windows; Bal- 
ustrades; Colonnades and Arches. 

WORKnrO DRAWINGS: Details of Window Frames for Brick 
and Wooden Buildings; Details of Framing: Floors; Par- 
titions; Joists and Girders; Sills and Posts; Rafters; Attic 
Floor; Roof. Dormer Construction. Tenon and Tusk Joint. 
Hanger. Details: Bulkhead; Fireplace. Details of Finish; 
Sliding Doors; Ironwork in Connection with Framing. Details of Gutters. 

ARCHITECTURAL DESIGN: Utility; Effect; Unity; Grouping; Interiors; Exteriors: 
Orders; Moldings; Greek and Roman Moldings; Pedestals; Arcades; Columns; Pilas- 
ters; Imposts; Balusters; Doors and Windows; Piers; Capitals; Spires; Form and 
Color. Ornament: Greek; Egyptian; Roman; Bysantlne; Gothic; Italian; French; 
English. Plans: Rooms; Stairways. Entrance. City and Country Houses; Office 
Buildings: Light; Heating; Ventilation. Churches and Public Buildings. 

BUILDING MATERIALS AND SUPERINTENDENCE: Limes; Cements and Mortars: 
Strength; Proportions; Data for Estimating Cost. Stone: Granite; Limestone: 
Marble; Slate: Testing Building Stone. Brick: Paving Brick; Fire Brick; Glased 
and Enameled Brick; Building Brick. Slse; Mortar; Construction of Walls; Hollow 
Walls: Brick Arches: Brick Veneer; Fireplaces. Terra Cotta: Composition and 
Manufacture. Durability: Inspection. Setting and Pointing. Examples of Construc- 
tion. IrAn and Steel: Girders and Lintels; Supports; Bear- 
ing Plates; Chimney Cap^, etc. Laths and Plastering. Metal 
Laths; Stucco. Concrete. Superintendence: Necessity for 
Superintendence. Visits; Setting out the Building; Inspecting 
Material; Inspecting Construction; Costs; Contracts. 

STRENGTH OF MATERIALS: Stresses and Deformations; Ten- 
sion; Compression; Shear; Factors of Safety; Working 
Stresses. Beams: Simple Beams; Cantilever Beams; Re- 
actions; Bending Moments; Moment of Inertia; Center of 
Gravity; Safe Loads; I-Beams; Deflection: Beams of Uni- 
form Strength; Continuous Beams. Columns: Cross-sections; 
Radius of Gyration; Designing. Tbrsion: Shafts for Trans- 
mitting Power: Combined Stresses. Testing Timber, Brick, 
Cement, Wrought Iron. Cast Iron and Steel. Resilience: 
Sudden Loads and Impact: Elastic Resilience of Beams. 
Tension, Compression, Shear and Torsion. 

FOUNDATIONS: Staking Out. ExcavaUon; Loads; ArUflclal 
Foundations: Timber; Piles; Bearing Power; Cofferdam; 
Wrought Iron; Cast Iron; Blast Furnace Slag; Retaining Walls; Concrete; Mixing; 
Laying; Compressive Strength; Period of Repose; Variations of Proportions. Shoring; 
Needling; Bracing. 

MASONRY: Classes of Masonry: Culverts; Wing Walls; Pointing; Grouting; Freezing; 
Brick Masonry. Cement: Hydraulic; Natural; Portland; Characteristics of Portland 

^ Cement; Testing; Effect of Age; Quick and Slow Set; Specifications; Mortar; Pro- 
portions; Sand; Water; Strength of Mortar; Shearing, Compressive and Tensile 
Strength; Effect of Frost; Permanency; Data; Specifications. 

CARPENTRY AND JOINERY: Timber; Shake; Knots; Quarter 
Sawing; Seasoning; Kinds of Wood; Uses. Framed Structures: 
Joints; Sills; Posto; Studs; Bridging: Flooring; Par- 
titions; Lathing; Trussed Partitions. Roofs: . Jack Rafters; 
Hip and Valley; Mansard: Gables; Construction of Roofs: 
Shingles; Flashing. Balloon Framing. Siding; Verandas; 
Arches; Ceiling. Joinery: Joints; Tongue and Groove; Dove- 
tail; Dowel; Mortise and Tenon; Keys. Interior Work; Wain- 
scots; Paneling; Door Making: Sliding and Folding Doors; Windows- Sashes; Glass. 
Splayed Work. Bending Wood: Veneering. Blinds; Hinges; Interior Finish. 

ITAIR BUILDING: Materials; Terms; Classification. Construction: Treads; Risers; 
(Itringers: Steps and Platform; Molding; Balustrades: Hand Rails. Straight Stair- 
*rays; Winding Treads; Winders. Open and Closed Stringers; Curved Stringers. 
Quarter-Turn Winding; Half.5*om Platformc Winding Stairways; Circular Stairwsjra 
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eSAPHIC STATICS: ForcE Trlanglr: Polrcon: Condlttoni of EqulDbrlam: 3tr«MH I' 

OTcrbanglni Bcbidi. Buof Triimca: Dead bihI Suok Ixwds; Stremaes; Wind Ludi 
FHiHl En<le; Ttuh witb One End Krw. Abbrpilstcd Uetbudg for Wind att«M; Com 
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